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fi\--5irxv^>5>Hr 'J -^r^ K^=i - K ^^ -6 ^: <t * t^lf 

9 J^Bii^t^.tD D H A , 

<h f. 1 ^ n U L < .^k '^^0 ft ?^ t^t ^ -f * 

N A o 

m t t^v fi't o ri tMi m 1 'i'j 1 2 iB n 

<D n N A o 

X ?c:> ^ ^ t ^^(-^n t-r ^^Vnr?m:^<onmm x 3 m 

ni\^.(o D H A . 

(IS) K h ^* n 7' u ^ 15 H fi\ &^ y 7* -r- K ^ 
< id . 'y^mm . t i a r y V K h ffio 

rK y r^- K n - K-f ^ y ^ ^ K 

D II A D N A ^^^^n-r^Bi^i^.^it. 

fifc n 7- y V a- , H ( heavy ) t'^ X f/T I. ( 

light )Sti^^fi^.D , <5-^;dmr^iho^i^fYrfS^i^fe 

t:^^.J}i't^ V ^i#,<h 7 ^ ^ - ( effector ) 

6.0 0 0 ^•A' b >-C2f> !) > 7 5,5 0 0 i5^>"^ h 

" ^'i t 2 2,5 0 oV h V OD L (^7)5-^ it 2 7^: 

I /J E CD H mo C ftlJ^frA C H 1 C n 4 O 4 



3-|--t;?>fnRNA ^ )Yfilir;^--f ^> t <!: fr -tH^t <!: t 
1 ^(T:*?-^-C^ ^ ^^i' Vt'i\n 8 3 1 - 1 4 
8 5 <!: L-t^^-^n^^ y ;^ u^f- K 
D N A Oj[i3jgt?*« 

Ofi) Mif 1 laWli^^^t^st b/^-^- Ki"i;i?^ll 8 3 1-1 
4 8 5 <!: t-Ci^;^ n^^J^' ^) 5^ \^ a- / K ^-ftYJ-f 
D N A '^,m'thm'^y^hA.\^. 

RO^P. 1 6 JTl/rriWcDitflJAi^i^Jt^o 
M 1 ^K*>-\/^*t ^ u:t ^ Kfif]?!! 8 3 1-1 
4 8 5 i \^X7h^f\,h^' y >t ^ K^-^rrtf:}^ 

^liti. ^' o 7* y y f: H ^'"f y 7* v t 

i\,\cX'Ci\.t^^'<^:> % f-^' -T- ri -J i U < \l 4^1 ff'l f.'T I 'f.: 
ft W -?> y 7" ^- V k 1i nV; T V i t 4i: L, . t i L fi: 
i:1^ii's-j^^-> i!: «^ ^^^^?r<<t i »^ h v:*. ^' n r y :^ k 
n iil o y ^ 7* K 7c: r.. \x t n m o/> ^f- 

f^fifit Jt /^t: ^ . C H 2 ^-U^ X 2 II 5^ 

/'-7^ K^r'f^fCX o-C^*/f:r:*i-rw;^>« J:LX. r 

I p E <omi¥ ^ it7\.?n^Hmm-v^j'^i{Piit^(om^ 
Kt -oxmm-^n^ ^^if-^^ihi^^x^-^zy ( k. 

I3hi;5aka o.nd T. Ishlr^ka, Itnmnnolo(?ical 
Rev. 11, 109 l97nyr^V{ir>X.r^/^^-K 
ho.^^i^A.^fnK>t/cm. iti'i ^ U /d E 

i?^f frc ^ei -9? .-x < iJn vi r ^> o . ^^r. 

n m ;^ f it 4fe /Ig X t ft- 'fi5 <D m 'h^ 7)'. # it. Jt\.XV^it.. 
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n'i -r h 1j m 7^*^\!mi^nx\^^^'^. m f f t 

run N A:S:irinfi;'i7!)^ h^Ai^l^ t^^y^t^M^ Lt^^^ ( 

5 C» ^-:T;lf3THW;^i;?fJ 5 6 - 1 2 0 5 5 5 -^j- , 

Til 5 ft-^r-? 3 0 Rf^wr«i ) o 

ji p^yJ7^' 'j •< K :3 - y-f-^yXBl'-fi: ^ - 
.'.^ A L-C s ^ ^ I R R H •?4^(Drf^' y 7*-^- K 

r f- K rc =^ - K ^ '-J' y y-^i^if-i-h 
D N A . ii^ n N A ^:^W-t^->^?[l^i^i^-f^v <t ^c^* 
ttH-^ DMA Ic-i^rW-t-^M^y-i^^L^t^^-'^r^^^-t ^. c: <b 
.t ^. b I K E H ^rtoiK y r ^- K-?t itit t 

J 4 8 5 (t L-C;T:^it^rf* y ^ u ^ ^ I'ld. 
zmf/CS>-\^Xr i v'R'^fiJ^lJl - 4 1> 4 (t L-C5^N:? 
Tiix^H" y K^^* - K-f tlO^i'" y -^7* 
^ K ^± t h I g E H g'1C> C FT 1 — C R 4 tD y 
•^7W- K^^^-f 

— t:k^-tt^ X 5 K sr^d^K A T G ^-^i-^^ir^'i: 
y ^« ^ V ^ f- K T'TJ t - - oTf^,K)!iAM"^ 
X\^>^ Cti^^liJ-^^ ^ 7^^ ^- - t LXIfiA 

y 7* h 7 T V-S-l/V: ( trp ) 7"^ - . rnc A 

-839 
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ntm<^^<D9ii m ii'o ± 'i'^i -f- fi'J ri^- ^ -t 

^,?gn/i-t:t?* hU^ D N A frit . $;U I^M (^ttc^ ix* 
:5t ^ u;^- -7- Kfii33^i^^^^- y ^ b' 4'f^^f"t'?> 

D N A T * o 

3 1 - 1 4 8 5 <[: L-Ctt: ^X>?» rf-' y ^ ^ ^ ^ K 
fi. tl^ 2 I^SlK^-t^-CT 5 /f5.??r4il 3*112 7 8 - 4 9 4 
r^:(;>-5^x>5) y ^7'^ K . O-i () t I- I R E 
H Jf^l O C n 3-^0 H 4 ^ 3 - K -j^ ^ 0 

K > ?fV I !^ t'C ^-V^ -C 5t ^ 1/ ^ K ffi ^'11 4 9 0 

2r^ivt*-u-cr 5 y rp?fii53^j 1 f> 4 - 4 9 4 (i: u-c 

^(7:> CH2 — CU4lf:3 - Ki-*., 

1 7^ . ?g 1 ^ t: ^ ^ u --t -r- K rS! J1 8 8- 

1 4 8 5 <!: LXTr^-^'ithyi-* ^ ^ Kfr±. 

2 1§ (c i-^-^ -r r 5 y Ff^fvi^il 3 0 - 4 9 4 ^ L-rit 

iX ^ rf^ y 7--r- K ^ - Ki' ^ o ^<D^' V ^ 

r-f- Kfri t h I g E H ftto c n i — c h 4 o^-* 
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12 0 5 5 5-^-tt:^^i{fiV.^^t-r^>?>:^^'fe L<fr-i;t 

r> . 7 M csci m^l}:uKnm U T il^ 1^ . 7 3: 
y - PH^X,^^M\KX. o-CR K A ^#im-t-^o 

^- y =3* ( d T ) -b yi/ rr - ;^ , rj^ U ( U ) -b 7 

N A ^>n^/>. (bKC i^^l^\'i?/^F/J(gI1lii^;^c>M3.Iii-c^> 
C 9 L-cni^nfcinRNA^:f§?i?Ji L-C. fc/:;t 
4il cDWA^-A-ri?, ^ c dn aco— Tkf^ d 

N A -vO?TPl(A =;ctT C Maniatis, T. h * Coll. 
8. 10 3(1975) Do 

,t O D N A ^ <b A *f d G - d C ^> d A 

- d T 'h-Ti y -:7 - C Nelson , T. S , 

?^ethodR In Rnzymology^ 68_, 4 1 ( 1 9 7 9 ) 
AoadRnilc PreflS Inc. Hew York J ^ P R 3 
2 2<OP.r. tI^>^V^(lSphI 31 V K ^ ^' 

r - -It tvifJHf ffp -lir * n ^ix fc t 
:kmmx \ 7 7 6 fTcfrt:i/$AL-CJF'J1^((|?Kll!^-i.^, t 
h ^ -y- >f ^ y vrrft^fe$>^\/^^r :^ t's^ y 



1^^8359- 44339 (4) 

H ^1 tJ^ y ^ r ^ K =1 - K i- m R H A^; , t 
>Hf^<7-^ 0 D N At ^r»^ j'l I) « A K $ . \\\- 

^{^ ( ji y ^ ^ u r - . T. > 1' j< ^ w X - -tf ) 

K K ?I9 A L <7) <b . ^ ^ frrC k n f=*i ^* \n l!l ;^^iA, 
. v\ h n M ^^ ^^'t .1 (j: ^: n'f ^-^ t t: r. D N A^V 7- 

'i^^OHs' y r^- K ^: 3 - y-f7r,--^K^\ n n a tn<!! 
»i h I f? E i'j? fil^ ^ i ■ I'l: f I: i: h -yt i[.f| iw\ ii in fr:-] 

a 2 6 6 t^^5?ie3tfm Us nh'^ir.mm.-*xn*^'M9- 

RWaBeRl^;i11<[: L-C . /t <t ;L /< y ^ 

^ /n^ n 7»i - ^* ^ ^ ^ ^ ^' t ^. n\1^l\\mi\X 4' . 

i^t^L^ N - ^ y /nj'>rt^:3 ^ir:?j ^Mf'^<j»-C^f(lifl. 

t h IgE H fi^Otfii'^/afrvT-lirr/l-tii-r^^ n 
ir-C .ti» iJ ( WJ ohida r-, , Proo, Na-tL 
Acad. Sol, USA 7^.3833 19»2 ) ^ -t^DtT 

P W. J. , J. MoL BloL . 1 1 3 , 2 3 7 (1 9 7 7 )1 K 
t i? 32pT^-<A^L> h IgE H^^tK 

^ KfSB^J t i /h y 3- ^ ^ U K 

tlt^-'&ri^ L7t(D^>. titt 32p-r 5-</wL.xr 

7" y - S/ H -yf^ C Grnnpjtp.ln , M. and 

ITo^nefis ^ D. S- ^ Proo. Wat.l, Ao-'»d. Scl. USA 
72 . 3 9 6 1 ( 1 9 7 5 ) D K .H X . i" T 7^ 
h 9 -tf-'T y vflr^^t3^.$>^i/n.tj:r :^ f v y >Mit!k(0 

y >^^^^o tO^ zi -/N^ 7' y ^ 
^ 'tf - sx 3 >' K i o -cr;'4t!t *7r: Lfc ^ CI - <?j^t 
i7 KiSJ^Jt. ^<5: A t^M^xoDi- Gilbert 
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C Maxam, A. M. & Gilbert , W..Proa Hatl. Sci. 
USA,7J.560(1977)3 ^h\^kl7 r - « 
1 3 5^ 7^ ;t u ^- K P?jh 

OXjjf);(, M(*nnln|f5f , J. , Nnclelc Acldo Refl ^ 9 

,309(198) ) :\(D-Jjmi(cx o t/ii)i?L. ^ »■ 

s T) ( i^-v ^ V r y y ^ /^ff - / ) fV.T'il^Jli).'^ 
[;Ht7> n r A T a'toTi'ir:t'C^?:>OoT; , 

K K .m 7t ti>4 ^'i :rc m M <^ ^ • . fc t ^_ t -*: > 

1^ - ^9 ^-^ _H/;r|(^:f ;^;5>t^tlr ^ -7 - »^ - 

J. i/ ir - -If ieir^^ -f- ?i £<D.^i^.i^ frrm->-JA, '/.f c ^. vc 
\Am ^ ^ ^* y ^ ^ -ti" 

- >f - t Lt: W: > "HitrriO rirr * - - l)^ 

n m m \% m m ^hv^^± m ^- m m xmw± 
(]) U - 2 6 iymm<oiB^. 

\^it^ Y^WUMmm^^ - 2 G 6 C lnmunoXoe:y . 



1iB3Bg53" 44399 C^3>) 

<!: ) . it i? ip^t 2 0 4 it U^-^ 

Tx^-^ 2 9 4 frlii>*U<DfiH C. WacUinrvn. K. h . 

Proc NAtl. Acad. Scl. US A. 7 3.41 74(l97Ci) 
XMm'fkA^ ^.f^f^^^'i^f <^ Infif.lt.ute rnr 

Fermontatloa Osaka )t^:iFO-l4l7l<b 

^^^O^lk C Cohen.S. W. h , Proo. Matl. Acad. 

Scl. u s A. (iJ. 21 lOO 07 2 ) :i K X .!? Tr ^> . 
t (D X 5 L -t 1^ b i 1' ;t n. iv'! ;l f ^ ^ -fr it ^ 

^-^tfM 9i7^t!lK Mlll<^i-. J. ETporlmctitn in 
Molecular Oeno tl cn . 4 :^ 1 - 4 3 ^ (Colcl RprlnR 
narbor Laboro.tory. New York 1 0 7 2 ) 37)^^i^H' 

hrth. eic:tc. ^^^^^?J?^c-x ^)r^-T:->r'-^}^^^^f^ 
^^!3ffrX:itrir^' 1 5-4 3l:-c:^~2 4 ir?f !I\Mt . 

38 . 0 3 ( 1 9 7 9 ) 3 ( S^'ili^i^^f 2 . 5 x 1 0 V /^O 
R P M I - 1 G 4 0 ( no«well Park Memorial 
Institute ) iiH*^rr<5 0 \).filX \ 0 f^SOT^I^fift 

ir^jfaff^ . .i> x r/-< = ^ y > > b 1/ ri- >f 

( i^H3 ) ^ 0 . 1 /rr t ^t(rc o - ^ - 7jl h 

(2) Ji^* y r 9^ = r?. * ^ tr » m a oriv^ 

U - 2 6 O^illliMO??^ R n A ^^^ll^|.\-t^■:^«^^dL^ 

^^y *y y h^yT}\kV^\^\'^frX Blochcmlgtry » 
J_3 , 2633 ( 1 974 )3 o 't^.:!:'^. t*^:;^ 3 H ?^.<7J> 
U - 2 6 6 Ifll Pr!!^ - /i^i.iS'Oi'^'? rotor G S A ^ 
mw 2 5 0 0 iHl^x . 5 L-rliiA?':). ^feJiP. 

:f^i1X7X^?.v««?n) L^t ^.. t>K 2 5 0 0 n.li*ifA-r 5 

iM'O V.tmK^'kmn L/co tc7jir{!in;f!(c 5 ~ i 0 
:^<<?.>4 N - y /u-tt-/t^3 5/ v^^i^iffii: (^n-)1C:M 
no C 2 '^/«^^/< y ( ) . 0 . 2 

v;*pi */i/7K ^'^5^x^-/1/ ( 3K5K<i:ii^ ) . 0 . 0 1 
MTrlB'HCl. plJ 7. 6 3^;^<I.lx 3 0 « © ^ 7 
a :y*--e ^ -y^-r ) 5-^20 lOI-f LfCo 

t©fiff?i?^c csci * 0 . 5 ff /ff' ih ^ >5) X 9 
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^•ft^^.s ;^»i*:^:iSW27 rotor fljO.J^'O ^ ^ - 

riKDS. 7 ne±{x:mf^L. 2 6 

0 0 0 injiiK-t 2 0 ir^fnoi)i.a l-c r n a 

M <!: J: 5 / -^icmmmjH 7 

0 t * * Jt f> n:^^-c n N A ^ - 2 0 tiTcc^t 

(3) y 3' ( d T ) -»r ;u a - ^ A ^ 0 ^ h ^' ^ 

rc ^ y - /vf^r^fi R N A ;^ i/ S W 2 7 

. 1 rotor -C 2 0.0 0 0 f«M;^ . 2 0 6ym ')f?M LT 

^1^Af>;tf;^^ 1 0 1 0 njM TriR -HCl(pH 7. 6 

) , 0 . 5 M NaCl .ImM EDTA.O. 5;^ 

s D s SfJ?fifi'f?K??^lr| Lfc. i^tcem<hn^ 

t^i^MJ L/c ^ «J J- (dT ) -fe ;u a - i o ccC>?;fe 

^ffS^KCff^^ 4 cm ( 4 W ) K3fc^ . ±e<7^ R N A gr^; 

(I) m^Tin N AO-^/i^ 

±Hr!f^-^-(fl|r?(J A: 5 ^ m R H A Jt a' l 0 0 
^=^V Y <Dl}njm'M-Uf\\^ ( Life Science ) v5:>i3 
l/^. 1 0 0 // ^ <OK]^i\l ( ^*^//(? ^ y n- (dT), 

1 ni M -j'CXD dATP, dCTP, dGTP:fc-XOdT 
TP , 8 mM MftCl^. 5 0 in M KCl , 1 0 ra M s^' 
f-^ u >f h - A', 5 0 niM Tris - llCl , pHa. 3 
)^XA 2X: , 1 ir^ 1/11 ^ X ^ ^ -< - h L/cf^ , 
7 3:/ - A'-Cft^^SJe L. 0 . IN NaOB -(T 7 0 t 
. 2 0 5>*AnH R N A ^^/^.ft^^ U7to 

(n) — ;^:Fi n N A cD-^ftJ?; 

^1 cir-^liic^ iLTt/jlt^'n <0 +1(^(1 D N A ^ 5 0 /< « 
<OKU>.m ( mRN Ach^i- y 3- (dT) -fc^ .^ ^StV^W^^l- 

«^;Lh»fi:i <!: n M^K^^i ) ^^T 4 2 t; 2 n^l/y^Riiiv^ At 
ht.tKX, !?-7Kfri:lD N A^-^JiVJL/c. 

(rn) rx Q T j^a:>{^n\ 

DH AK6 o^=-^y ho^^^ i^r- 

-b' S 1 ( B'^tlieflda Research lAboratorie^ M:) 

5 0 o/Kii^fK (0.1 M<^^^^l^•^:^ h y a , 



15(aH353- 44399 (6) 

^ ^cf/F, L-C y r T^'^A^nr'Sr^-r^r R n a ^t\?l^f 

^-»f-fc« ^ IT^ CiE^JKK/tr^-r'^'^fF^'ii 2 6 0 nn 

<D 151 11^:0^ < ;?» ^, -C ^ r'lin'i L t ;1: cD 
R N A -kf^tX^UlLitXt. I 0 Trio-UCKpH 
7. fi ) . 1 m M li; I) T A . 0 . 3 C'* S D r> ^>!;'IIji'fV 

r ri* y r >n/ff\ ^, Prtr R N h'-^r ^ iJ^h'i^iU\ 

L ( 1 rf. /Pi'A ) a IX 2 f. 0 nm 0'l«t|i(-i: R N A 
tr]M^l.fr... R H A ^P»!^:.ff* - 2 () t T ^ 

(4) 3 f;i?r^ /rr '/g um> fn k x t ^> m 
r^i!^.^^ftmr?^^ A:^' y r r-A-r^i^tL-^irR n Am 

2 '"Vtr 0 - 0 5 M HaCl . 0 . 0 1 H E I) T A , 
0 . 0 1 M Trlp-HCl (pH 7. (i) \ 0 . 2 ^ S D 

s mmiOLlt^.iTrf^J L/C 1 0 — 3 0 (7.^ y ^ ir\}i.\}.^'^ 
mUh\}iKTiXmL. r> w 2 7 rotov tri^^UW LX 2 
4.0 0 0 im^x 2 2 u/f(Mi 2 0 r; TK:/h:.a LAio t 

Of:t^. f^^?f^'7?^:4 0;^^K'J)PNL. 0 l). 2 6 O nm 
com JIK ^ ^915^^. L/C ^I'l y H N -fr r.: 'M .0 fi ^) iMi cT 

R N A ^?^}7^o 

pH4. 5.0. 25MNaCl.J. ^ m »^ Ziif'U4 ) 

-c^?M 3 0 ^ymif^mi^ it. y -r.y ~ ^^-xmi^u:) l. 

:^ ^ y - A^'-C^j) n A. ^:y;i:f '.>:? i!-/f: \t\ . e: ^i-tc 3 0 
^ — ;y h c>') ^ — ^ /I' h "/ :^ V V — 
(Betbosda HRPearch La bora tor ieo tl*.)^: 5 0 
(Dfx Pckhi ( 0 . 1 4 M 7J n A-n-^* >) V A . 0 . 3 
M TriB ( nU''; ) » PH7. . 2!^!^ £^ -f- u 
^ h - A' . I mM CqOI^o . 0. 1 r>mn d OTP ) 

-r 3 ^> l/tl 3 7 u r f r in i!< ^.i — 4-: i n h a o a' li^n 
^l^)tt|;^2 0 (i^Ov^^-^ ^ s^^- ::^^1^:t'M''^-H:/i:o 

eiit £b<2:>— >^ (>:>;ir^'v;-c^'^j 3 0 0 n r. o *^ 
tiv) :^mm'r'7 7^ ?, kou^^^Kc r: d o 7- -< a- 

— ^ 1 0 f o;^)]'itVH 7' ^ .-^ 5 K p H n 3 2 2 
DHAn:20^-^h p n t i^r 5 0/tje 

Oj^jST^fl'C C B 0 mM NaCl, 6 m M T r i r • IICl ( pH 
7. 4 ) , 0 mM MRClp , 6 mM 2 - / A^ 7' V* \ 

/ - A^ » 1 0 0 M ih/:/ r ^ v 3 r^i-r 

3fF^r«J 3 7 t; -C{t?/tJl5 -H-r p RR 3 22 ON A 4^1^ 
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1 <r m iff rr:-f- ^ p o t mmm^'kK'im l . 7 x / . 
b ^ 7 -T. ^ -'\£-^c 5 .0 M « co;^rti;ff>: C 0. 1 4 

H /ufi>> 'J "> , 0 , 3 M Tr i s ( i^.^^: ) . 

p H 7. G , 2 m M ^ b - A' ^ 1 m '-'i 

xi)^}\]i^^.hBry ^ y PBR32 z nn A 

(V) cDti J^mmy"^ ^ ^ v t<o^^^,hr/K 

//? <b J:./ni7-!? :^ ^ K pBR3 2 2 0 - 5 ^ 

0 . 1 M HaCl , 5 0 nM Trln-H<U. pH. 7 . 6 . 

1 m M Ki) T AX rx^mm^-r G 5 t; 2 I^VirO . 4 
h<7.:>T}ik C J. Moi- i^ioL iL6 . 4. 9 5 ( i o 7 5 ) 3 tt: 

(vt) r. D N A-^ ^ 7* ^ ^ ^ K CD **ir^l 



44393 (7) 

and Hopnees , D. S. Proc. UaM. Acad. Pel. USA 
72.396 1 ( 197 5 )3 

^jjamTrrM-lriiiiBfe = h :/ u - ^ -ym 

( ftiUU ) l-IHt^-C 3 2P •^-^.•'-L/c. 

D N A 0 . 2 /* 1? ^ 2 5 /' C))5l lc;ift C 5 0 m 
M Trir^-HCl . pH 7. 5 , r> m M HfrCl?^ . 1 
/J - / ;u 7- h X / - . 1 0 /f C i « - 3 2 P 
V - d ATP 0 . 4 np; If^lr^. DNa.^o T. ( Wer- 

thl Tig t on ) 3 f 2 ^> m Vll ftJ -r 17.* lH> ^ ii- /Co //c K 
2?,^^^ \ (Oi^lW D N A 'J / 7 - I ( 
TJoohrlnper Mannholm \\\ ) ^r^Uli.-?: 3 0 5>|fil 1 
5 C XK^t.-^^tfrLl^. . 7 X y - />"|!hm . X ^ / - 

i£ /i-ftl>tvf(t X f) D N A ^;hi:t^^ Us ^'J-t^: :i 2 p -< 

A'^n?^ D N A tcl^Tt „ 

t CD 3 2 F - D H A ^: 7" o - r .i-. l .-t Lawn O 
,:>fi?5fe C Nucleic Acldo Kor.. . 0 . (> I 0 3 ( 1 9 8 I ) 
3 Kt^i -^-CilTVO- b ^ -I'- A-rt - X 7 /i-^' --h 
2f) ^t'^r^ L/c D N A . - »• ^ 5^ ^ 



A ^ Blrnbolm-Doly <0:^^ C Blrnbolm H. C. & 
Uoly; J. Ntiololc Acid Reo. 2- ^5 13(1979) 
3tCX o-r/^i-^LTto i^fCr^ > = KD K AtO^fP 

fi:<r>i*^^tr ■^><D(pGBT2DNA) ^A^hA^fcr. 

5^"'h(Cl^riA^afc oDNAii12ifi]0-i^;1H/;'i ( ^ 

lh?i;<!: Maxam-Gilbert <D:^??fetC X oT:?f^5^ t 
8 - 1 5 0 2 <!: L-C^rc-^n^^' U- -i' - td^f? 1 

5 yimimx. ^^m!>rt'^-R^'^i>iitfici 



i) ^ Dorrington (^(Di'^^^xC IinmurJolo/;:lcal Rev, 
4 1 . 3 ( 1 9 7 8 > 3 Lt I K " ^1 -'J^ 'J ^ 7* 

E T 2 KnXi^ i^it T) N MfX I R h: " 'J^' y 

c DM A IfX. norrlnf-ton h^^> f^rf ( vMlW ) O I « R 
H ^^^<-0 V 4ii^^:?^t^ 6 3^ilrnOT 5 y ^5 ^5: 3 - K "f >?> 
=1 K X i) /i'^ - -t iv- i? s |.?!i'*'<*:»:-t"^"C ^ - K L 

t <b 7^^ , ^P- - K ?H>C^ ^r<^ff:>X. H N Ac?> 3':^? 

-?:t-t';$> xt>i/c ^'i^Mifcm.i.'C. fH'O^fV^iiir^ 
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/t9KQ0fiA JXit-Atti ( 2 0 mMTrls • HCl , pH 
8. 0 . 0 - 6 M NaCl , I 2 tuM CaClp, , 1 Z raM 
MpcClg , 1 m M E D T A ) "C 2 unit ^ % ^ \^ 
T--tf Bal 3,1 C New Enijlftnd mol/xbsffc 
Gray Nucleic Acid Rosearch , 2 , 1 4 5 9 

( 1 97 5 )D % 3 0 c 1 5>I/nf^jU^-K^u N ^^^y^o.:^ 

\^'\ x ^ \% 'A ri'j K ft L . 

X H I) N A Lfco^.:» >i!l^K!i:ft6f» ;i K > Jt 

r>' {)r.I fl^ :^s^> c i o. i t^) *s ?i f i'^! ftiUsl 4: -^^^ f> r r - 

C A T C (; A T G ^: T 4 'J - -tf ( Hftn Kna- 
land niolabH ^tJ: ) ^ JO V/^ l^t^i -J^ 7? -t^rfc « 

n -Ti - _ ji;^ .5> f 7- ci --e - - , ;^ ^ u — - 
fttf 2 7 (J bp <7) D W A l!?rK-, Bennett, G. N , t> . 
J. Mol. BloL . 1^ , M 3( 1 978 ) D ^-^tr 7'^ 
^5 Kptrp 771 (-<^;f-irtpBR322 )^ 
\m\\ 5 7 ^-ir^h^-t?i?lT 57-85280 ^J- (C mVfiifi ^ 



1SfiaB359- 41399 (8) 

»t?f L/c±^il pGET 2i-:iiA n M A - T 7V - Mfl" 

t?£ o -t :^l)fW'!!l 2 ^> 4 ^JF^f(fi^rx !^1 rX if-, ^ - 
-te' Bo.l 3 1 CC X S jii /c 7" 9 :^ i K ^ 

^.'tj*.^ < <0 3 n - ^jn/r.. 

^ illV^-C n a = - ^ A / T -y -U >r C IX :i. Kemp 
<!: A. p. Cowman, Proc. NatL Acad- T^ci , U 3 A 7J , 

4 2 5 0 ) 3 tT</^ . b I a E n n O d^* y 
7"^- K ^rm^T. i.-^,?, n o = - -k^^i L/C-, i'vi 

:|-5 . =. h o -Ir A- a - j;^ 7 ^ /V- X\ ^'C 'I" Lfc 
a rf ^ - , 0 . 1 U N3.IIC0:5 . 0 . j a* h 'j h 

^ X 1 0 0 » 2 0 0 /< y y-/- - X. Uwll.'C 

PifiQ ( ^Vhatman-M , /fS 54 0 ) cii^tK 

^AI^AtX^f^. CLOniT^ttc-v I- i « e mi-t; ( 

MiieBtt!i>l! ) ^:J3ctc;^-»l-A:rr. i'^^ f^j ff>: C 5 0 
ai raMTrls-HCl.pIin. 0, 0- 5M HaCl , 0 . 1 J» 



h >j h X 1 0 0 . 1 aJ^-ffai*i''l r /^r ; :^ ) -CTrt 

' 25i -</u^:|i.;trn >f >' A ( 
i^^ffl R C C Ameraham ) K^js^ -itfr.o iilltf^^^ 
^mir X: < m^fr_r/jt,, :^ - Y ^ -tr^ y ^ - 

^(Dryiz^ r m t h I K E mi^tsR ^ < K 
)Kll.it^ p ^-K^a i^-h 7'7 ^ 5 K^: pOPJT 
trp 1 0 4 <t fii'^t^ t'D7'7 ;^ 5 K^Tfj'HI^X D 
Birnbolni-Oolr ^0:^^/? ( nft/li ) /flV^'C JlMti L 
fCo t <0 pGKT trp 10 4 ^Jb-^t.^ t h I g E H 
i^^i^ 3 - K-^-.?,?)? 'J ^ u;f ^ KfiT) ptrp 771 

^ u^-^ v'{^mim\hni ( ) ^ .t i? mi u/t 

^ t >3 . .^ftrnA!rif|/ff) ti K >^ A T G Kv^^^-C . norrltig- 
ton <?D^l?^/f O 9 2 TifFiOr 5 - K-^^^ 

K y .t ii r^;*i— ?f< u-c . h i e h 

O 'J 7*f- K ^ 3 - K i- ^ y w ^ K 7^5 



fl) ^4 CI) / -Cflj 7*7 7. ^ K p G T z Off* Ar^l^ 

t fti^ m P n t I *) \\\ L/?> . O I) N A Rif 

Sal I , f!ii.^,u-Pflt li^isK^ t>or-j i i 5 

0 bp OD N Af^lfH-^mySr.^ ton H AfiTfH-<7> 

Sal I m\<i<o — ifm:m<^\'n^^^%yT^^:ti^'M^{^ 

N A ?K y > 7 - H'Tl 7 - 7 7 ^' / h CO fOfc 

mmniih^ r :^j>jta*fii^!m^^^^scia i <ons 

Fl'^J^Bfyfc ^f^trT .'5^7'^' - '.JC ATCG A T <i C •'^^ 
TT^:;'/--*? ( Hew En/3tlarKl Ulolabg M: ) 3^ Tfl 

-C^JiTrL. flHjfc'4t1jr:^^Cla I , PntI LA 
7' 7 5 K p t r p 7 7 1 <[: , T 4 D N A y 

. t. rp 7'o - ^ -<oTf<r:K:;'?iiy^ 

fjg//^} 3 y tr/¥f±K f 1-: iL T. u >r; n - K 

-t-^ 3 K C T C U^J-m j)t^tr'-'i^T'^Jit 

t h I K E H }^ O rf' y 7*f- K . Oorrlrv?t^n 
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tKOrj:^^ VklW^X. Cohen C:t<D:fjifJkKVt'> 

x:^mm 2 9 4 ^]\mm^,'^'^^^ lkhd. 

^6*7*9:^^ KpnBTtrp 30 2 Ir^ismt^-kWf 

(!1) / xnfc -r ^ ;^ ^ K p a e t 2 (DWAt^ 

^. finimn^^i'i Pn t.i -r iij i) m CO n » a P?r jt* 

N A ^.m^^::k%m D N A y ^ 9 - -fe' I ^ - 7 

'9 ^' / >' h ( BethRsda Roaeo-rch Lo.bora tor l^^a 

/tr ^y"^ - ^ G C A T C G A T 0 C '"^ ^ T 4 U - 
-fe' ^ / H ^ "C iKV* i^-^-^ '/tr, 

ClR I , Pst: I -Ci^Jltfr 7'^ ^ ^ K ptrp 



liuaBssa- 44399(9) 

3 K > c A T L. iMU^ilv i> ^-V: LX . 

t I- I g F. H llJ'^O y ^ 7* ^" K 7;^ X Dnrr ln*?ton 
fO^M 1*r frC X v5» 3 H 1 1'V H 'i^:* r s / R v: - K i' h 
Y > X y>m-it \- ifi^ H ^:'1'5:>>-i- y ^ 7"^- K 

?B?^.7"-7^S KpGETtrplIO \?\*'iS {.fc^ C 

2 9 4 * J^fl^l^Nl^:!! 5 ?l <»: K ^ !) , ^'J ^ 
7*9:^5KpOETtrp410 tr iVf ^: /c . 

s Kt^trPt^i^K^ 2 0 s/ioi f:<^' - ^ , 0.4 
iJ 5 y f^^^f^ M ? JniilrC ^ 7 l: 4 \^'f\'i'\in^'K 

;c> ^fj?K3 7 C 3 fl'.'flinn^-lfV L/C.. iVUI^ ^c^;5^>> 
^t-*^^7K-Ci?l;-5 7t<?:> ^ . 0. 5 r/:'DfVfi.Via>: ( I Ora 
M Tris -ncr, pHB. 0 . 10 in M f: DT A 0. 2 M 
IlaC 1 . 1 m M 7 :t - ^- ^ = 7 /V ^ 
7 K . 0 . 0 2 > y V ^ X ) (» O , 0 . 1 



/ffi t; y ^- - ^ ) k: ift^Tiii L . o ti t: 4 5 . 3 
7 x: k: T 2 » M tr^ L-C m f^^ -5 'l'7t o cl :M (C 
tr^ < ( 3 0 # ) ibiifH^ MPA-t? . mn\ Lfcm 
fi;(t> jj H A *^ pm L^fi^,. 4t:-ri 5 0 00rp 
( -4^ _ /< /V R s :\ 4 ti — - ) , 3 0 irlj OjJ^ 

h . 5/ / ^ , itm^'-IIMf^S^i! ) ^iHv^?^ n I s T 

V< C l?atlio Itnmuno porbent teeit» InmunoloRy , 

14 . 2 6 r> ( 1 96 8 ) 1(T. i: TSm LfCo 

ii'i ik^ ^ jVV 2 (C 7?: L/C o »i h I ^( E H dil <0 M 
--:7"-f- KOM^k/*Ul pGETtrp 302 

iTv < 4 8 0 ^/ rl mtWrn-V -Sy r> it^ 
H'. 2 

^(1 ;L i¥ x^^K n#4r>^4:»<: (ne/Ef|itim?« 

;*ClMlW 29 4(ptrp77l ) 0 

>^ I ! t V4 2 *} 4 ( p 0 E T t r p 1 0 4 ) 8 4 

:k B iVj 2 94 ( p G E T 1. r p 3 0 2 ) 4 8(1 

:;^rAifi^*294(pGF.Ttrp4lO) 4 8 



mHW 5 fy^l^^m^itS'i 5 G • I 9 3 4 C^! 

a - ;i-m(4^^7k^rrfi:i-tii H-r 7 >r ^ 1 o ( 
Bio-nart ti: ) fr-Cj^lYV^ r^i.^^ I- X/tE 
^ u -i- /i^^A^ - r y ^ ^ \ 0 fi V \ r.t (c^'! 

il^r/l ^-Cf4 ^ityt pGBTtrp:U»2 ^- #trn'l(1^ -ll'l 
m?f^ 5 ^ . 2 ^ ^' ^ V ^ - ^ i: <^tT P 

n s ( 2 0 mM y :^in^.r^f''ni'* , p"fi. *^ . o. i. 5 

M HaCl ) 5 0 P'f.^mV-XiJ "7 A fr^.i-f^ Uj^^I^OT^. 

0 . 2 M r-Miii: . 0 . 15 m h.-xci 5-, ^r^/i^v^ 
s 1 « tc^-t U"C 5 t: -r 2 4 ii'f u,i ;>'.!? L/^.. e: ofV? 
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1ili3B359- 44399 



^pJip.± ^ ^r- ff? 



^1 

t© 20 30 AO 50 



ACATTTCACCCCAGCCTCACCATCACCACAGACCCCTCCTTCACTACACC 
TCTArtACTCCCGTCCCAGTCGTACTGGTCTCTGCCCACCAACTCATCTCC 



CTACATGGACCTCACAACTCTGAGATCrCACGACTCCCCCCTCTTTTACT 
GATCTACCTCGACTCTrCACACTCTAGACTCCTCACCCCGCACAAAATCA. 



CTCCGAAAAGTCACCCTTTTTCCAGTCATTATTATAACTTTCACrACTCC 
CACCCTTTTCACTGCGAAAAACCTCACTAATAATATTGAAACTCATCAGC 



TACACTTTGCACCTCTGGCGCCAACGGACCACGGTCACCGTCTCCTCAGC 2©0 
ATCTGAAACCTCCACACCCCCCTTCCCTCCTCCCACTGGCAGACGACTCC 



CTCCACACACAGCCCATCCCTCTTCCCCTTCACCCGCTCCTCCAAAAACA 
CAGCTGTCTCTCGGGTAGGCACAAGCGGAACTCCGCCACCACCTTTTTCT 



TTCCCTCCAATGCCACCTCCGTCACTCTGCGCTGCCTCCCCACCCCCTAC 
AACGCAGCTTACCCTGGACGCACTGACACCCGACCGACCGCTGCCCGATC 



TTCCCGGA&CCGGTGATCCTCACCTCCCACACACGCTCCCTCAACCGCAC 
AAGGCCCTCCGCCACTACCACTCGACCCTGTGTCCCACCCACTTGCCCTG 



AACTATGACCTTACCACCCACCACCCTCACGCTCTCTGCTCACTATGCCA 
TTGATACTGCAATCCTCCCTCGTCGGAGTGCGACACACCACTGATACCGT 



CCATCACCTTGCTGACCCTCTCGGGTCCCTCCGCCAACCAGATGTTCACC 
CGTACTCCAACCACTCCCAGACCCCACCCACCCGCTTCCTCTACAACTCG 



TGCCCTGrGGCACACACTCCATCCTCCACACACTCCGTCCACAACAAAAC 
ACCGCACACCCTCTGTCACCTAGCAGGTGTCTCACCCACCTGTTCTTTTC 
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Vim^9- 44399 (11) 



m 1 ia-(2) 



CTTCACCGTCrCCTCCACGCACTTCACCCCCCCCACCCTCAACAlCTTAC 'J5f* 
CflAr.TCCCAGACCAGGTCCCTCAAGTGCGCCCn&TGfXACTTrTACAATC 



AGTCCTrCTGCGACGCCGCCCCCCACTTCCCCGCGACCATCCACLTCCTG 
rcriGrACGACGCTCCCGCCGCCCGlGAAGGCGGGCTGGTAGClCGAGCAC 



TCCCTfXrCTCTCGCTACACCCCACGGACTATCAACATCACCTCGCTCGA 
ACGGAGCACACACCCATGTCGCGTCCCTGATAGTirTHGTGCACCCACCT 



GGACGGGCAGGTCATGCACGTGCACTTGTCCACCCCCTCTACCACGCACG 
CCrCCCCGTCCAGTACCTGCACCTGAACACGTCGCGCAGATCGTCCGTCC 



AGCGTCAGCrGCCCTCCACACAAAGCCACCTCACCCTCAGCCAGAAGCAC 
TCCCACTCGArCGGAGGTGrGTTTCGCTCGAGTGCGAGTCGGTCTTCGTC 



TGGCTGTCACACCGCACCTACACCTCCCACGTCAGCTATCAACCTCACAC 
ACCCACAGTCTGGCGTGGATGTGCACGGTCCAGTGCATAGTTCCAGTGTG 



CTTTGAGGArACCACCAACAAGTGTCCAGATTCCAACCCCACAGGCCTCA 
GAAACTCCTGinGTGGTlCTTCACACGTCTAACGTTGGGCTCTCCCCACT 



GrGCCTACCTAAOCCCGCCCAGCCCGTTCGACCTGTTCATCCGCAAGTCG 
CGCGCATGCATTCGGCCGGGTCGGGCAAGCTCGACAAGTAGGCCrTCAGC 



CCCACGA f CACCTGTCTGGTCGTGGACCTGGCACCCAGCAAGCGGACCGT 
GGCTCrTACTCCACAGACCACCACCTC&ACCGTGGGTCCTTCCCCrGGCA 



GAACCTGrtCCTGCrCCCGCGCCAGTGCCAAGCCTGTCAACCACTCCACCA 
C f rGCACrCGACCAGCGCCCCGTCACCCTTCGGACAG riGCTGAGCTCGT 



m 1 0-(3) 



GAAACCACCACAACCACCGCAATGGCACCTTAACCGTCACCTCCACCCTC 
CTTTCCTCCTCTTCGTCGCGTTACCCTCCAATTGGCAGTGCAGGTCCGAC 



CCGCTGGGCACCCGAGACTGGATCGACGCGCAGACCTACCAGTGCAGCGT 
CGCCACCCCTGCCCTCTGACCTACCTCCCCCTCTGGATGGTCACGTCCCA 



GACCCACCCCCACCTGCCCACGCCCCTCATCCCCTCCACGACCAACACCA 
CTCCCTCGGGGTCCACCGCTCCCCGGACTACCCCAGGTCCTCCTTCTGGT 



CCGCCCCGCGTGCTGCCCCCCAACTCTATGCCTTTGCCACGCCCGACTGC 
CCCCGCGCCCACGACCCCGCCTTCAGATACGCAAACGCTGCGGCCTCACC 



CCCCCCAGCCGGCACAAGCCCACCCTCGCCTGCCTGATCCACAACTTCAT 
GGCCCCTCGCCCCTGTTCCCCTCCCAGCCCACGGACTACCTCTTGAACTA 



CCCTGAGCACATCTCGGTGCACTGCCTCCACAACGAGCTCCAGCTCCCGG 
CGCACTCCTGTAGAGCCACCTCACCGACCTCTTCCTCCACCTCGACCCCC 



ACGCCCGGCACAGCACCACGCACCCCCCCAACACCAACGGCTCCGGCTTC 
TGCCCGCCGTGTCCTGCTCCCTCGGCGCGTTCTCCTTCCCGAGGCCCAAC 



TTCCTCTTCAGCCGnCTGCAGGTCACCAGCCCCCAATGCGAGCACAAACA 
AAGCACAACTCGGCGGACCTCCACTGCTCCCGGCTTACCCTCCTCTTTCT 



TGACTTCATCTCCCCTCCAGTCCATGAGCCAGCCACCCCCTCACAGACCC 1 430 

ACTCAACTACACCCCACGTCAGGTACTCCGTCCCTnGCCCACTCTCTCCC 



TCCACCCACCGGTCTCTCTAAATCCCCCTAAATCA 
ACCTCCCTCCCCACAGACATTTACCCCCATTTACT 
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mm9- 44399 



ARC PHE GLN GLY ARC VAL THR 

THP ALA TYR MET A5-P LEU ARG 

VAL PHE TYR CY5* ALA LYS SER 

AJN PHE Ai'P TYR JER TYR THR 

THR VAL THR VAL TER ^ER ALA 

PRO LEU THR ARG CY.V CY^ LY.V 

VAL THR LEU GLY CY^ LEU ALA 

MET VAL THR TRP A^P THR CLY 

LEU PRO ALA THR THR LEU THR 

^:ER leu leu THR VAL ^ER GLY 

CYS ARC VAL ALA HI^ THR PRO 

LYS THR PHE SER VAL CY^ :?ER 

LY^ ILE LEU GLN SER SER CYS 

THR ILE GLN LEU LEU CYS LEU 

ILE A^N ILE THR TRP LEU GLU 

LEU SER THR ALA S^ER THR THR 

GLN SER GLU LEU THR LEU SER 

THR TYR THR CY^ GLN VAL THR 

SER THR LYS I.YS CYS ALA A^P 

TYR LEU SER ARC PRO ^ER PRO 

PRO THR ILE THR CYS LEU VAL 



MET THR ARG A5P ALA 5*ER PHE ^ER 

SER LEU ARG SER ASR AiT SER ALA 

A^P PRO PHE TRP SER ^SR TYR TYR 

LEU AS-P VAL TRP GLY GLN GLY THR 

.^ER THR GLN SER PRO ^£R VAL PHE 

A^N ILE PRO SER A5N ALA THR SER 

THR GLY TYR PHE PRO GLU PRO VAL 

SER LEU A.yN GLY THR THR MET THR 

LEU ^ER GLY HIS TYR ALA THR ILE 

ALA TRP ALA LYS GLN MET PHE THR 

SER SER THR ASF TRP VAL A^P A^N 

ARG A5P PHE THR PRO PRO THR VAL 

A:?P GLY GLY GLY HIS PHE PRO PRO 

VAL .S-ER GLY TYR THR PRO GLY THR 

A^P GLY GLN VAL MET A.?P VAL AS^P 

GLN GLU GLY GLU LEU ALA ^ER THR 

GLN LYS HIS TRP LEU SER A^P ARC 

TYR GLN GLY HIS THR PHE GLU ASP 

SER ASM PRO ARC GLY VAL SER ALA 

PHE ASP LEU PHE ILE ARG LYS SER 

VAL ASP LEU ALA PRO SER LYS GLY 



THR VAL AJN LEU THR 
HIS SER THR ARG LYS 
VAL THR SER THR LEU 
GLU THR TYR GLN CYS 
LEU MET ARG SER THR 
CLU VAL TYR ALA PHE 
LYS ARC THR LEU ALA 
ILE SER VAL GLN TRP 
ARG HIS SER THR THR 
PHE VAL PHE SER ARG 
LYS ASP GLU PHE ILE 
SER CLN THR VAL CLN 



TRP SER ARG ALA SER 
GLU GLU LYS GLN ARC 
PRO VAL CLY THR ARG 
ARC VAL THR HIS PRO 
THR LYS THR SER GLY 
ALA THR PRO GLU TRP 
CYS LEU ILE GLN ASN 
LEU HIS ASN GLU VAL 
CLN PRO ARC LYS THR 
LEU CLU VAL THR ARG 
CYS ARG ALA VAL HIS 
ARC ALA VAL SER VAL 



CLY LYS PRO VAL ASN 
ASN CLY THR LEU THR 
ASP TRP ILE GLU CLY 
HIS LEU PRO ARG ALA 
PRO ARG ALA ALA PRO 
PRO GLY SER ARC A.VP 
PHE MET PRO CLU AjP 
GLN LEU PRO ASP ALA 
LYS GLY SER GLY PHE 
ALA CLU TRP GLU GLN 
CLU ALA ALA SER PRO 
ASN PRO CLY LYS - 



-848- 



1$ga>i3S9- 49399 



HI Al T Al Al HI T 

I 1 11 II 11 



Al Al 



1 I II 



nrr 

Av B Av 



Ac B 



Hh Av Hh Av Hh 



1657 



Ac : Acc I 
Al : Alt! I 
Av : Avo II 



B : Bgl (1 
Hh I Hho I 
HI : H[nf I 



S : Sma 1 
T : Toq I 



lOObp 



-d) 



Gr.lSCGGr-ttiGCGGCGCGAGATTTCACCCCrtCCCTCACCATGACCAG^^CAC 
CCCCCCCCCCCCCCCGCTCTAAAGTCCCGTCCCAGTGGTACTGCTCTCTG 



CC(J rCCTTCACTACAGCCTACATGGACCTGACAAG fCTCACATCTCACGA 
CGCACGAAGTCATGTCCGATCTACCTGGACTCTTCACACTCTAGACTCCT 



CTCGGCCGTGTTTTACTCTGCCAAAACTCACCCTTTTTGGACTCATTATT 
CAGCrCGCACAAAATGACACGCTTTTCACTGCCAAAAACCTCACTAATAA 



ATAACTTTGACTACTCCTACACTTTCCACCTCTCGCGCCAACCGACCACC 
TATTGAAACTCATCAGCATGTGAAACCTGCAGACCCCCCTTCCCTGCTCC 



GTCACCGTCTCCTCACCCTCCACACACACCCCATCCCTCTTCCCCTTGAC 
CAr.TGCrACAGCAGTCGGAGGTGTGTCTCCCCTACCCAGAACDGCAACTC 



CCGCTCCTGCAAAAACATTCCCTCCAATGCCACCTCCGTGACTCTCCCCT 
GGCGACGACGTTTTTCTAACCGAGGrrACGCTGCACGCACTGAGACCCGA 



GCCTGGCCACnCCCTACTTCCCCGACCCCCTGATGGTGACCTCGCAnACA 
CGGACCGCTCCCCGATGAAGGGCCTCCGCCACTACCArTGGACCCTCTGT 



GGCTCCCTCAACGCCACAACTATGACCTTACCACCCACCACCCTCACCCT 
CCGfiGGCfiCTTGCCCTGTTGATACTGCAATGCTCGCTGGTGCGACTCCCA 



400 



CTCTCGTCArTATGCCACCATCAGCTTGCTGACCCTCTCG&GTGCGTGCC 
GACACCAGTGATACCCTCGrACTCCAACCACTGCCACACCCCACGCACCC 



430 



CCAAGCAGATCTTCACCTCCCCTGTCCCACACACTCCATCGTCCACACAC 
GGTTCGTCTACAAGTCGACGCCACACCCTCTCTGACCTAGCAGr.Tr.TnTr 
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44339 (14) 



S4 0-(2) 



T(;Ci;TC&ACAACV»^\^^ACCTTCACCCTCTt;CTCCAGGCACTTCACCCCCCC 
^CCCAGCTr/rTCTTnCnrtACTCf;CACACCA5GTC':CTfiAACrCCr,CCr*K 



CACCr.TCAAnATCTTACACTCCTCCTCCGACGGCOCC&r.CrACITCCCCC 
CTCGCACTTCTAGAArGTfJAGCAGCACCCTCCCGCCGCCCGTGAAGCGGC 



CGACCATCCAGC f CC TG rCCCTCCTCTCTCGGTACACCCCAGCGACTATC 
GCrCGTAGGTCGAGCACACGGACCAGAGACCCATGTCGGGTCCCTGATAG 



AACATCACCTGGCTCCACCACCGCCAGCTCATCCACCTCCACTTCTCCAC 
TTGlACTGGArXGACCTCCTCCCCGiCCAGTACCTCCACCrGAACAGCTG 



CGfXTCTACCACGCAGGAGGG TGAGC rGGCCTCCACACAAAGCGAGCTCA 
GCGGAGATGGTGCGTCC rCCGACrCGACCCGACGTGTGTTTCCCTCCAG T 



CnCTCAGCCAGAAGrACTGGCTGTCAGACCGCACCTACACCTGCCACCTC 
r.GGAGrCGGrcrrCGTGACCGACAGTCTGCCCTGGATGTGGACGCTCCAG 



ArCTATCAAGGTCrtCACCTlTGAGGACAGCACCAAGAACTGTGCAGATTC 
TGGATAGT TCCAGTC TGGAAACTCCTGTCGTGGTTCTTCACACGTCTAAG 



CAACnCGAGAGCCGTGAGrGCCTACCTAAGCCGGCCCACCCCGTTCGACC 
GT TGGGCTrTCrCCACTCGCCGATGGATTCGGCCGGGTCGGGCAAGCTGG 



TG TTCA f CCGCAAGTCCCCrACCATCACCTCTCTGGTGCTGGACCTGGCA 
ACAAGTAGGCGTTOAGCGGGTGCTACTGGACAGACCACCACCTGGACCGT 



CCCAGCAAGGGGACCGTGAACCTGACCTGGTCCCGCGCCAGTGCGAACCC 
GGC rCGTTCCCCTr,Gr,ArTTGGACTCGACr,AGGGCCCGGTCACCCTTCGG 



TCTCAACCACTCCACCACAAAGCAGCACAACCAGCGCAATGCCACCTTAA 
ACACTTGGTGAGGTGCTCTTTCCTCCTCTTCGTCGCCTTACCGTGCAATT 



CCGTCACGTCCACCCTCCCGCTCGGCACCCCACACTGCATCCAGCGGGAC 
GGCAGTGCACCTCGCACCCCCACCCGTCGGCTCTGACCTACGTCCCCCrC 



ACCTACCAGTGCACGCTGACCCACCCCCACCTGCCCAGGGCCCTCATGCG 
TGCATCGTCACGTCCCACTGGGTCGGCGTGCACGC&TCCCCGGAGTACGC 



GTCCACGACCAAGACCACCCGCCCCCGTGCTGCCCCCGAACTCTATGCGT 
CAGGTGCTGGTTCTCGTCGCCGGCCGCACGACCCGGCCTTCAGATACGCA 



TTGC&ACGCCGGAGTG&CCGGGGACCCGGCACAACCCCACCCTCGCCTGC 
AACGCTGCGGCCTCACCCCCCCCTCGCCCCfGTTCCCGTCGGACCGCACG 



CTCATCCACAACTTCATGCCTGACGACATCTCCGTGCAGTGCCTGCACAA 
GACTAGGTCTTGAAGTACGGACTCCTGTAGACCCACCTCACCGACCTGTT 



CGACGTCCAGCTCCCCGACCCCCCCCACACCACGACGCAGCCCCGCAAGA 
CCTCCACGTCGACGGCCTGCGGCCCGTGTCCTGCTCCGTCGGCGCGTTCT 



CCAACGCCTCCCGnTTCTTCCTCTTCACCCGCCTGGAGGTGACCACGCCC 
GGTTCCCGACGCCGAAGAACCAGAAGTCGCCGGACCTCCACTGGTCCCCG 



CAATGCGACCAGAAAGATCAGTTCATCTCCCGTCCAGTCCATGAGCCACC 
CTTACCCTCCTCTTTCTACTCAAGTACACCGCACGTCAGCTACTCCGTCG 



CACCCCCTCACACACCCTCCAGCCACCCGTCTCTCTAAATCCCCGTAAAT 
CTCGGGGAGTCTCTCCCACGTCCCTCGCCACACACATTTACCCCCATTTA 
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SPECIFICATION 



1. Title of the Invention 

Novel DNA 

2, Extent of Claim for Patent 

(1) A DNA which contains the polynucleotide of the 
nucleotide sequence 831-14 85 as shown in Figure 1. 

(2) A DNA according to Claim 1, wherein the polynucleotide 
of the nucleotide sequence 490-830 as shown in Figure 1 or 

a fragment thereof is linked to the 5 Vend of the poly- 
nucleotide of the nucleotide sequence 831-1485 as shown in 
the same Figure. 

(3) A DNA according to Claim 2, wherein the polynucleotide 
of the nucleotide sequence 88-489 as shown in Figure 1 or 

a fragment thereof is linked to the 5' end. 

(4) A DNA according to Claim 3, wherein the polynucleotide 
of the nucleotide sequence 1-87 as shown in Figure 1 or 

a fragment thereof is linked to the 5' end. 

(5) A DNA according to any of Claims 1 to 4, wherein it 
has ATG at the 5* end without any reading frame shift. 

(6) A DNA according to Claim 1, which codes for the 
polypeptide of the amino acid sequence 278-494 as shown in 
Figure 2, 

(7) A DNA according to Claim 2, which codes for a poly- 
peptide wherein the polypeptide of the amine acid sequence 
164-277 as shown in Figure 2 or a fragment thereof is 
linked to the N terminus of the polypeptide of the amino 
acid sequence 278-494 as shown in the same Figure* 

(8) A DNA according to Claim 3, which codes for a poly- 
peptide wherein the polypeptide of the amino acid sequence 
30-163 as shown in Figure 2 or a fragment thereof is linked 
to the N terminus of the polypeptide as defined in Claim 7. 

(9) A DNA according to Claim 4^ which codes for a poly- 
peptide wherein the polypeptide of the amino acid sequence 
1-29 as shown in Figure 2 or a fragment thereof is linked 
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to the N terminus of the polypeptide as defined in Claim 8. 
CIO) A DNA according to any of Claims 1 to 9^ which codes 
for a polypeptide having Met at the N terminus thereof. 

(11) A DNA according to any of Claims 1 to 10, which codes 
for a polypeptide equivalent in immunological or biological 
activities to the human immunoglobulin E H Chain. 

(12) A DNA according to any of Claims 1 to 11, which forms 
part of a recombinant DNA molecule, 

(13) A DNA according to any of Claims 1 to 12, which is 
linked downstream from a promoter. 

(14) A DNA according to Claim 13, wherein the promoter is 
tryptophane promoter. 

(15) A method of producing a DNA containing a polynucleotide 
of the nucleotide sequence 831-1485 as shown in Figure 1, 
which comprises reversely transcribing a mRNA coding for 

the human immunoglobulin E H Chain. 

(16) A trans formant which contains a DNA containing a 
polynucleotide of the nucleotide sequence 831-1485 as shown 
in Figure 1. 

(17) A transformant according to Claim 16, which is 
Escherichia coli . 

(18) A method of producing a polypeptide of or equivalent 
in immunological or biological activities to the human 
immunoglobulin E H chain, which comprises growing a 
transformant which contains a DNA containing a polynucleotide 
of the nucleotide sequence 831-1485 as shown in Figure 1, 
accumulating the polypeptide of or equivalent in immunological 
or biological activities to the human immunoglobulin E H 
chain and recovering the same. 



3. Detailed Description of the Invention 
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This invention relates to a novel DNA. More particxiLarly ^ 
this invention relates to a DNA containing a polynucleotide 
which codes for the human immunoglobulin E H-chain poly- 
peptide, to a trans formant carrying said DNA, and to a 
method for producing the human immunoglobulin E H-chain 
polypeptide by the cultivation of said transformant . 

Immunoglobulins, which are present in animal body 
fluids and are closely associated with antibodies, consist 
of H (heavy) chains and L (light) chains. Each chain 
comprises the V region, which is determinative of the 
binding specificity with antigen, and the C region, which 
is determinative of the effecter function. On the basis 
of the constituents of the H chains, immunoglobulins (Ig) 
are classified into 5 classes, namely A, D, G, M and E. 

Among them, immunoglobulin E (hereinafter referred 
to as IgE) , which constitutes reagin, has a molecular 
weight of 196,000 daltons and consists of two 75,000- 
dalton H chains and two 22, 500-dalton L chains (in the case 
of human IgE) , the chains being linked together by di- 
sulfide bond. The C region of the H chain of IgE comprises 
four sites, CHI to CH4, and two H chains are linked to- 
gether at CH2 by disulfide bonds. IgE is in charge of 
important biological reactions, such as allergic reactions. 
For instance, it is known that allergic reactions are 
induced by binding of specific antigen-bound IgE to 
sensitized mast cells or basophilic cells [K. Ishizaka and 
T. Ishizaka, Immunological Rev. , 41, 109 (1978)]. 
Therefore, for the purpose of suppressing allergic re- 
actions, the use of an IgE molecule having no antigen- 
binding site has been proposed. However, many problems 
remain unsolved with respect to a variety of in vivo 
reactions induced by IgE. One reason is that a sufficient 
quantity of human IgE cannot be supplied. 
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On the other hand, the anti-IgE antibody is an 
essential material in the diagnosis of allergic diseases 
and is demanded in very large quantity. For its pro- 
duction , however, the purified human IgE is required in 
large quantity. For this and other reasons, development 
of a technique capable of producing the human IgE on large 
scale and at low cost has been waited for. 

In a so-far proposed method of producing IgE, the 
supernatant of a culture of human IgE-producing myeloma 
cells of an established line is treated for the separation 
of IgE followed by purification • However, said method 
involves cell culture and the cell growth rate is low. 
For these and other reasons, it is difficult to obtain a 
large quantity of IgE at low cost. 

The present inventors have already succeeded in 
isolating a human IgE-encoding mRNA from cells {Japanese 
Patent Application No, 120,555/1981 filed J.uly 30, 1981). 

With the above mRNA, the present inventors continued 
their research with use of the technology of gene manipula- 
tion so that they could develop a 

technology of producing the human IgE H chain polypeptide 
by cloning the gene coding for the human IgE H chain poly- 
peptide and introducing the thus-obtained recombinant DNA 
molecule into a host organism, and, as a result, they have 
completed the present invention. 

Thus, the present invention provides a DNA which 
contains a polynucleotide coding for the human IgE H-chain 
polypeptide, a trans formant carrying said DNA, and a . 
method of producing the human IgE H-chain polypeptide or a 
polypeptide equivalent thereto in immunological or bio- 
logical activities, which comprises growing the trans- 
formant carrying said DNA. 

The DNA provided by the present invention is a DNA 
containing a polynucleotide having the nucleotide sequence 
shown in Figure 1. 

Referring to Fig. 1, the polynucleotide of the 
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nucleotide sequence 831-1485 codes for a polypeptide of 
the amino acid sequence 278-494 as shown in Fig. 2. Thus, 
it codes for CH3-CH4 of the human IgE H-chain. 

The polynucleotide of the nucleotide sequence 490- 
1485 as shown in Fig. 1 codes for a polypeptide of the 
amino acid sequence 164-494 as shown in Fig. 2, hence 
CH2-CH4 of the human IgE H-chain. 

The polynucleotide of the nucleotide sequence 88- 
1485 as shown in Fig. 1 codes for a polypeptide of the 
amino acid sequence 30-494 as shown in Fig. 2. Said 
polypeptide covers the CH1-CH4 polypeptides of the human 
IgE H-chain. 

Similarly, the polynucleotide of the nucleotide 
sequence 1-1485 as shown in Fig. 1 codes for a polypeptide 
of the amino acid sequence 1-494 as shown in Fig. 2. 
Said polypeptide includes the human IgE H-chain CH1-CH4 
polypeptides . 

For the direct expression, the above-mentioned 
polynucleotides may possess the codon ATG at the 5* -end 
thereof without reading frame shift. In that case, said 
polynucleotides code for polypeptides possessing Met at 
the N- terminus thereof. 

The above-mentioned polynucleotides, with or without 
ATG at the 5 '-end thereof without reading frame shift, are 
preferably linked at a site downstream from a promoter. 
The promoter includes, among others, the tryptophan 
synthesis ttrp) promoter, rec A promoter and lactose 
promoter. Among these, the trp promoter is preferable. 

Table 1 gives the definition of each symbol as used 
in the present specification, drawing and claims. 



Table 1 



DNA 



deoxyribonucleic acid 
complementary deoxyribonucleic acid 
ribonucleic acid 
messenger ribonucleic acid 



cDNA 



RNA 



mRNA 
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A 



T 



= deoxyadenylate 
= thymidylate 



G 



C 



U 



= deoxyquanylate 
= deoxycytidylate 
= uridylate 



dATP = deoxy adenosine triphosphate 

dTTP = thymidine triphosphate 

dGTP = deoxyguanosine triphosphate 

dCTP = deoxycytidine triphosphate 

ATP = adenosine triphosphate 

EDTA = ethylenediamine tetraacetate 

SDS = sodium dodecyl sulfate 

Gly = glycine 

Ala = alanine 

Val = valine 

Leu = leucine 

lie = isoleucine 

Ser = serine 

Thr = threonine 

Cys = cysteine 

Met = methionine 

Glu = glutamic acid 

Asp = aspartic acid 

Lys == lysine 

Arg == arginine 

His = histidine 

Phe = phenylalanine 

Tyr = tyrosine 

Trp = trypotophan 

Pro = proline 

Asn = asparagine 

Gin = glutamine 

bp = base pair(s) 



In the present invention, a double-stranded DNA 
coding for the human IgE H-chain polypeptide can be 
produced by synthesizing a single-stranded cDNA using the 
mRNA coding for the human IgE H-chain polypeptide 
as produced by the method disclosed in Japanese Patent 
Application No. 120,555/1981 or a modification thereof as the 
template together with reverse transcriptase, for instance, 
then converting the cDNA to the double-stranded form, 
digesting the double-stranded DNA with an enzyme (exonu- 
clease, endonuclease) , adding an adapter to the digestion 
product, inserting the resulting product into a plasmid, 
introducing the plasmid into Escherichia coli , for instance, 
growing the thus-obtained transformant and isolating the 
cDNA-containing plasmid. 

The mRNA to be used in the above process can be 
produced, for example, in the following manner. 

Human myeloma cells of the established cell line 
U266, which are capable of producing human IgE, are culti- 
vated, the proliferated cells are harvested by centrifu- 
gation, washed, for instance with physiological saline, 
and lysed in a denaturing solution, for instance N- 
laurylsar cosine buffer, with heparin, diethyl pyrocarbo- 
nate, etc. added, and an RNA fraction is collected in the 
conventional manner by^ for example, layering the lysate 
onto 5.7 M CsCl solution followed by centrifugation and 
extraction with phenol. Then, polyadenylic acid-containing 
RNAs are separated using oligo (dT) -cellulose, poly(U)- 
Sepharose or the like. The subsequent sucrose density 
gradient centrifugation gives the mRNA. 

Using the thus-obtained mRNA as the template, a 
single-stranded cDNA is synthesized by any method known 
per se with the use of reverse transcriptase, and the cDNA 
is further converted to the double-stranded form [Maniatis, 
T. et al.. Cell, £, 163 (1976)] • 

The double-stranded DNA is inserted into pBR 322 at 
the PstI or SphI restriction endonuclease cleavage site 
by, for: example, the dG-dC or dA-dT homopolymer tailing 
method [Nelson, T. S., Methods in Enzymology, 68, 41 
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(1979), Academic Press Inc., New York]. Escherichia coli 
strain xl776, for instance, is transformed with the result- 
ing recombinant plasmid. An adequate transformant can be 
selected on the basis of the tetracycline or ampicillin 
resistance. 

The structural gene fragment for the hximan IgE H- 

chain has already been cloned [Nishida et al., Proc. Natl. 

Acad. Sci. USA, 79^, 3833 (1982)], and its base 

sequence has been partially analyzed. This gene fragment 

(gift from Prof. Tasuku Honjo of Osaka University, Faculty 

32 

of Medicine) is labelled with P by, for example, the 
nick translation method iRigby, P. W. J. et al., J. Mol. 
Biol., 113 , 237 (1977)] or, alternatively, an oligo- 
nucleotide having the nucleotide sequence supposedly 
corresponding to the amino acid sequence of the human IgE 

H-chain polypeptide is synthesized chemically and labelled 

32 ' 
with P. With the labelled product as the probe, the 

desired clone is secondarily screened out from among the 

already obtained tetracycline- or ampicillin-resistant 

transformants by the per se known colony hybridization 

method iGrunstein, M. and Hogness, D. S., Proc. Natl. 

Acad. Sci. USA, 72, 3961 (1975)J . The nucleotide sequence 

of the clone which gives a positive result in the above 

colony hybridization is determined by, for example, the 

method of Maxam-Gilbert iMaxam, A. M. & Gilbert, W. , Proc. 

Natl. Acad. Sci. USA, 74, 560 tl977)J or the dideoxy- 

nucleotide synthetic chain termination method using phage 

M13 iMessing, J. et al.. Nucleic Acids Res., 9, 309 (1981)], 

whereby the presence of the gene coding for the human IgE 

H-chain polypeptide can be confirmed. Then, the human 

IgE H-chain polypeptide-encoding gene can be cut out 

wholly or partly from the clone obtained and can be linked 

at a site downstream from an adequate promoter, the SD 

(Shine and Dalgarno) sequence and the translation start 
codon ATG, for introduction into an adequate host organism. 

The gene or part thereof can also be inserted into within 
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an adequate structural gene (e.g. 0-lactamase gene or 
anthranilate synthetase gene) as inserted in a plasmid. 
In that case, the expression product is a chimera poly- 
peptide coupled with the whole or part of the structural 
gene product. 

The promoter includes those mentioned hereinabove, 
and the host organism includes bacteria such as Escherichia 
coli and Bacillus subtilis , among which Escherichia coli 
(e.g. strain 294, strain W3110) , particularly strain 294, 
is preferred. 

The strain 294 is a known strain [Backman, K. et al., 
Proc. Natl. Acad. Sci. USA, 73^/ 4174 (1976)] and has been 
deposited with the Institute for Fermentation, Osaka under 
deposit No. IFO-14171. 

The transformation of a host organism with the DNA 
in the present invention is performed, for example, by the 
known method [Cohen, S. N. et al., Proc. Natl. Acad. Sci. 
USA, 62, 2110 (1972) J . 

The thus-obtained transformant is cultivated in a 
per se known medium. 

The medium is, for example, glucose- and Casamino 
acids-containing M9 medium {Miller, J., Experiments in 
Molecular Genetics, 431-433 CCold Spring Harbor Laboratory, 
New York, 1972) J. An agent such as 33-indolylacrylic acid 
may be added as necessary for increased promoter efficiency. 

The cultivation is generally conducted at 15-4 3 ®C 
for 3 to 24 hours. Aeration and/or stirring may be made 
as necessary. 

After cultivation, cells are harvested by the known 
method and, for instance after suspending in a buffer, 
destructed by, for example, treatment with lysozyme or a 
surface active agent or ultrasonic treatment, followed by 
centrifugation to give a supernatant. 

The human IgE H-chain polypeptide can be isolated 
from said supernatant by any of the generally known methods 
of purifying proteins, more advantageously by anti-human 
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IgE antibody column chromatography. 

The human IgE H-chain polypeptide or a polypeptide 
equivalent thereto in immunological or biological activi- 
ties as produced in the present invention is equivalent in 
immunological or biological activities to the human IgE 
H-chain polypeptide produced by the conventional method 
and can be used for the same purpose and in the same manner 
as the case where the conventional product is used. 

Reference Example Isolation of human IgE- encoding mRNA 

(1) Cultivation of U-266 cells 

Human myeloma cells of the established cell line 
U-266 [Immunology, 38, 63 (1979)] (2.5 x 10^ cells/ml) 
were cultivated in 500 ml of RPMI-1640 (Roswell Park 
Memorial Institute) medium with 10% fetal calf serum and 
0.1 irtg/ml each of penicillin and streptomycin (Takeda 
Chemical Industries) in a roller bottle at 37**C for 3 days. 

(2) Preparation of polyadenylic acid-containing RNA 

The total RNA extraction from U-266 cells was per- 
formed mainly by the method of Glisinet al. [Biochemistry, 
13, 2633 (1974)]. Thus, U-266 cells after 3 days of were 
collected by centrifugation at 2,500 revolutions per minute 
for 5 minutes using a Sorvall centrifugal rotor GSA, sus- 
pended in physiological saline and again centrifuged at 2,500 
revolutions per minute for 5 minutes for effecting cell washing. Five to 
ten volumes of 4% N-laurylsarcosine buffer (Wako Pure 
Chemical Industries) [2 mg/ml heparin (Wako Pure Chemical 
Industries), 0.2% diethyl pyrocarbonate (Tokyo Kasei) ^ 
0.01 M Tris-HCl, pH 7.6] was added to the cells, and the 
cells were mashed 15-20 times using a 30-ml Teflon homo- 
genizer. To the resulting solution was added CsCl to a 
concentration of 0.5 g/ml, and the solution was layered on 
7 ml of 5.7 M CsCl in a centrifugal tube for use in a 
Spinco SW27 rotor and centrifuged at 26,000 revolutions 
per minute for 20 hours for RNA sedimentation. The super- 
natant in the tube was sucked off, the upper part of the 
tube was cut off so as to leave the lower part thereof 
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(about 2 cm long), and the RNA sediment was dissolved in 
0.4% N-lauroylsarcosine buffer. NaCl was added to the 
solution to a concentration of 0.2 M, and RNAs were 
precipitated at -20<'C by adding cold ethanol to a final 
concentration of 70%. 

(3) Fractionation by oligo (dT) -cellulose column chromato- 
graphy 

The ethanol-precipitated RNAs were collected by 
centrifugation on a Spinco SW27.1 rotor at 20,000 re- 
volutions per minute for 20 minutes, and then dissolved 
in 10 ml of 10 mM Tris-HCl (pH 7. 6) -0.5 M NaCl-1 mM EDTA- 
0.5% SDS buffer. A 10 cc syringe was packed with 4 ml 

(4 cm high) of oligo (dT) -cellulose dissolved in the same 
buffer. The above RNA solution was passed through this 
column and the eluent was again passed through the column 
to adsorb polyadenylic acid-containing RNAs. The column 
was washed with the same buffer until the ultraviolet 
absorption at 260 nm was no more detected, whereby un- 
adsorbed RNAs were washed away. The polyadenylic acid- 
containing RNAs were then eluted from the column with 10 mM 
Tris-HCl (pH 7.6)-l mM EDTA-0.3% SDS buffer (1 ml/fraction) 
while following the RNAs based on the absorption at 260 nm 

(O.D.). The RNA fractions were pooled and subjected to 
ethanol precipitation at -20*^0. 

(4) Fractionation by sucrose gradient centrigugation. 

About 2 mg of the polyadenylic acid-containing RNAs 
obtained by the above procedure was layered on 10-30% 
sucrose density gradient solution in 0.05 M NaCl-0.01 M 
EDTA-0.01 M Tris-HCl (pH 7.6)-0.2% SDS buffer, and centri- 
fuged at 24,000 revolutions per minute and at 20*^0 for 
22 hours using an SW27 rotor. Thereafter, the contents 
were divided into 40 fractions and, for each fraction, the 
absorption at 260 nm (O.D.) were measured. The fractions 
were pooled by fives with an about 18S fraction at the 
center and subjected to ethanol precipitation. In this 
manner, the desired mRNA was obtained. 



Example 1 

(i) Synthesis of single-stranded DNA 

A mixture of 5 yg of the mRNA as obtained in the above 
Reference Example, 100 units of. reverse transcriptase 
(Life Science) and 100 yl of reaction mixture [5 yg of 
oligo(dT), 1 mM each of dATP, dCTP, dGTP and dTTP, 8 mM 
MgCl^f 50 mM KCl, 10 mM dithiothreitol, 50 mM Tris-HCl, 
pH 8 ,31 was incubated at 42**C for an hour, then deprotein- 
ized with phenol, and treated with 0.1 N NaOH at 70**C for 
20 minutes for decomposing and removing the RNA. 

(ii) Synthesis of- double-stranded DNA 

The thus-synthesized single-stranded complementary 
DNA was maintained in 50 yl of a reaction mixture [the same 
reaction mixture as above except for the absence of the 
mRNA and oligo(dT)] at 42*^0 for 2 hours, whereby a double- 
stranded DNA was synthesized. 

(iii) Addition of dC tail 

This double-stranded DNA was subjected to the reaction- 
of 60 units of nuclease Si (Bethesda Research Laboratories) 
in 50 yl of a reaction mixture (0.1 M sodium acetate, pH 
4.5, 0.25 M NaCl, 1.5 mM ZnSO^) at room temperature for 
30 minutes. The reaction mixture was then deproteinized 
with phenol, and the DNA was precipitated with ethanol. 
The DNA was subjected to the reaction of 30 units of terminal 
transferase (Bethesda Research Laboratories) in a reaction 
mixture [0.14 M potassium cacodylate, 0.3 M Tris (base), 
pH 7.6, 2 mM dithiothreitol, 1 mM C0CI2/ 0.15 mM dCTP] at 
37®C for 3 minutes, whereby about 20 deoxycytidylates were 
linked to each 3*-end of the double-stranded DNA. The 
above series of reactions gave about 300 ng of a deoxy- 
cytidylate chain-bearing double-stranded DNA. 

(iv) Cleavage of Escherichia coli plasmid and addition of 
dG tail 

Separately, 10 yg of Escherichia coli plasmid 
pBR322 DNA was subjected to the reaction of 20 units of 
the restriction enzyme PstI in 50 yl of a reaction mixture 
150 mM NaCl, 6 mM Tris-HCl (pH 7.4), 6 mM MgCl2/ 6 mM 
2-mercaptoethanol, 100 yg/ml bovine serum albumin] at 37**C 
for 3 hours, whereby the pBR322 DNA was cleaved at the 
PstI recognition site. After deproteinization with phenol, 
the cleavage product was further subjected to the reaction 
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of 30 units of terminal transferase in 50 yl of a reaction 
mixture 10.14 M potassium cacodylate, 0.3 M Tris (base), 
pH 7.6, 2 mM dithiothreitol, 1 mM CoCl^/ 0.15 mM dGTP] at 
37**C for 3 minutes, whereby the above plasmid pBR322 DNA 
was extended by about 8 deoxyguanylates at each 3 '-end. 

(v) Annealing of cDNA and Escherichia coli plasmid and 
transformation of Escherichia coli 

The thus-obtained synthetic double-stranded DNA 
(0.1 yg) and the above plasmid pBR322 (0.5 yg) were 
annealed together by heating in a solution comprising 0.1 
M NaCl, 50 mM Tris-HCl, pH 7.6, and 1 mM EDTA at 65**C for 
2 minutes and then at 45^0 for 2 hours, followed by slow 
cooling. The transformation of Escherichia coli xl^^^ was 
performed according to the method of Enea et al. [J. Mol. 
Biol., 96, 495 (1975)] . 

(vi) Isolation of cDNA-containing plasmid 

In this way, 1445 tetracycline -resistant colonies 
were isolated. The DNA of each of them was fixed on a 
nitrocellulose filter (vide supra) . 

Separately, the gene fragment corresponding to the 

human IgE H-chain polypeptide (vide supra) was labelled 
32 

with P by the nick translation method (vide supra) . 

The DNA (0.2 yg) was treated in 25 yl of a reaction 

mixture [50 mM Tris-HCl, pH 7.5, 5 mM MgCl^, 1 mM 6- 

32 

mercaptoethanol, 10 yCi a- P-dATP, 0.4 ng bovine pan- 
creatic DNase I (Werthington) J at room temperature for 
2 minutes. Then, 25 units of Escherichia coli DNA poly- 
merase I (Boehringer Mannheim) was added and the reaction 
was conducted at 15**C for 30 minutes. Purification by 

extraction with phenol and precipitation with ethanol gave 
32 

a uniformly P-labelled DNA, 
32 

With this P-DNA as the probe, this was annealed 
with the DNA fixed on the nitrocellulose filter according 
to the method of Lawn et al. [Nucleic Acids Res., 9, 6103 
(1981) J. As a result of autoradiography, 9 colonies 
responding to the probe were isolated and named pGET 1 to 
9 , respectively . 

The plasmid DNA was isolated from cells of each of 
these colonies by the method of Birnboim-Doly [Birnboim, 
H. C. and Doly, J., Nucleic Acids Res. 7, 1513 (1979)]. 
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Then, the insert was cut out from the plasmid DNA using 
the restriction enzyme PstI, whereby, among the plasmids 
separated, pGET2 DNA was found to contain the longest 
insert. Accordingly, the pGET2 DNA was selected for 
further use. 

The restriction enzyme cleavage map of the cDNA 
inserted in this plasmid is as shown in Fig. 3. The 
primary structure (nucleotide sequence) of the cDNA se- 
quence as inserted in the pGET2 plasmid was determined by 
the dideoxynucleotide synthetic chain termination method 
and by the method of Maxam-Gilbert . The nucleotide se- 
quence thus determined is as shown in Fig. 4. The poly- 
nucleotide of the nucleotide sequence 18-1502 as shown in 
Fig. 4 corresponds to the polynucleotide as shown in 
Fig. 1. 

The amino acid sequence which this nucleotide 
sequence codes for, when there is no reading frame shift, 
is approximately equal to the amino acid sequence of the 
IgE H-chain polypeptide as reported by Dorrington et al. 
[Immunological Rev., £1, 3 (1978)]. This confirms that 
the cDNA inserted in pGET2 codes for the IgE H-chain poly- 
peptide. This cDNA begins with the codon coding for the 
63th amino acid in the V region of the IgE H-chain as 
reported by Dorrington et al. (vide supra) , hence wholly 
codes for the C region. Furthermore, it is believed that 
it retains the whole structure on the 3 '-end side of the 
mRNA, inclusive of non-coding regions, since the poly (A) 
structure is present. 

Therefore, the C-region polypeptide which carries 
the antigenicity of human IgE can be produced by adding 
the translation start codon ATG to the 5* -end of the 
nucleotide sequence inserted in the above plasmid, without 
reading frame shift, followed by insertion into another 
expression plasmid and transformation of Escherichia coli , 
for instance, therewith. 



Example 2 

The insert in the plasmid pGET2 as obtained in 
Example 1 was cut out using the restriction enzyme Pstl. 
This DNA fragment (2 yg) was partially digested from both 
ends under the reaction of 2 units of nuclease Bal 31 [New 
England Biolabs; Gray et al., Nucleic Acids Res., 2^, 1459 
(1975)3 in 60 pi of a reaction mixture (20 mM Tris-HCl, 
pH 8,0, 0.6 M NaCl, 12 mM CaCl2, MgCl2/ 1 niM EDTA) 

at 30«C for 1 minute. 

The DNA was extracted from the reaction mixture with 

phenol and purified by precipitation with ethanol, and 

5 ' 3 ' 

then joined with the adapter CATCGATG , which contains 
the translation start codon and restriction enzyme Clal- 
recognition site, using T4 DNA ligase (New England Biolabs). 

Separately, the plasmid ptrp771 as an expression 
plasmid (the vector being pBR322), which contains an 
Escherichia coli trp promoter portion {promoter- and 
operator-containing 276 bp DNA fragment; Bennett, G. N. 
et al., J. Mol. Biol., 121', 113 (1978)1, was constructed 
according to the method disclosed in Japanese Patent Appli- 
cation No. 57-85280/1982. 

This expression plasmid ptrp771 was cleaved with 
the restriction enzyme Clal. Thereinto, at the cleavage 
site, inserted was the above-mentioned pGET2 insert DNA- 
adapter joining product, which also had been cleaved with 
Clal, with the use of T4 DNA ligase (Fig. 5). Using the 
reaction product, Escherichia coli 294 was transformed 
according to the method of Cohen et al. (vide supra). 
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There were obtained a large number of colonies containing 
plasmids differing in the nuclease Bal 31 digestion region. 

Hviman IgE H-chain polypeptide-producing colonies 
were selected from among the thus-obtained colonies by 
the colony immunoassay method {Kemp, D. J. and Cowman, 
A. F., Proc. Natl. Acad. Sci. USA, 78, 4520 (1981)]. 
Thus, the colonies grown on a nitrocellulose filter were 
lysed by contacting with a 0.1 M NaHCO^-0.1% Triton XIOO- 
lyspzyme (200 yg/ml) solution and directly transferred 
onto a cyanogen bromide-activated filter paper (Whatman 
No. 540) for fixation of the colonies on the filter paper. 
The filter paper was reacted with goat antihximan IgE 
antibody (Miles) , then washed with a washing solution 
(50 mM Tris-HCl, pH 8.0, 0.5 M NaCl, 0.1% Triton XlOO, 
1% bovine serum albumin) , and further reacted with ^^^I- 
labelled protein A (RCC Amersham, Great Britain) . After 
the reaction, the filter paper was washed well and 
autoradiographed . 

The plasraid contained in the colony that reacted 
most positively with the anti-human IgE antibody in the 
above assay was named pGETtrpl04. This plasmid was ex- 
tracted from cells by the method of Birnboim-Doly (vide 
supra) . The nucleotide sequence coding for the human IgE 
H-chain, which was inserted in ptrp771 and now existing 
in this PGETtrpl04, was determined by the dideoxynucleotide 
synthetic chain termination method (vide supra) . It was 
revealed that the human IgS H-chain polypeptide-encoding 
polynucleotide starting with the codon for the 92nd amino 
acid (according to the report by Dorrington) is located 



i 
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following the translation start codon without reading 
frame shift and that the poly (A) structure at the end of 
the mRNA structure is retained on the 3 '-end side (Fig. 4), 
Escherichia coli 294/pGETtrpl04 has been deposited with the 
Institute for Fennentation , Osaka under deposit No* IFO 14284. 

Example 3 

(i) From the plasmid PGET2 as obtained in Example 1, the 

insert was cut out with the restriction enzyme Pstl. This 

DNA fragment was further cleaved with the restriction 

enzyme Sail. There was thus obtained an about 1,150 bp 

DNA fragment having the Sail site at one end and the Pstl 

site at the other. The single-stranded cohesive DNA 

terminus at the Sail site of this DNA fragment was filled 

in with Escherichia coli DNA polymerase I large fragment 

and the DNA fragment was joined with the adapter 
5 • 3 ' 

GCATCGATGC containing the translation start codon and 
restriction enzyme Clal recognition site with the use of 
T4 DNA ligase (New England Biolabs) . The joining product 
was cleaved with the restriction enzyme Clal and then 
joined with the expression plasmid ptrp771 cleaved in 
advance with the restriction enzymes Clal and Pstl, with 
the use of T4 DNA ligase (Fig. 6). The above series of 
reactions resulted in construction of a human IgE H-chain 
polypeptide expression plasmid, pGETtrp302, containing 
the translation start codon and the Leu-encoding codon 
CTC newly introduced without reading frame shift at a site 
downstream from the trp promoter, and coding for the human 
IgE H-chain polypeptide starting from the oodon for the 218th amino 
acid according to the report of Dorrington. Escherichia 
coli 294 was transformed with this expression plasmid 
according to the method of Cohen et al. to give a desired 
strain carrying the plasmid pGETtrp302. 

(ii) From the plasmid pGET2 as obtained in Example 1, the 
insert was cut out with the restriction enzyme Pstl. This 
DNA fragment was further cleaved with the restriction 
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enzyme Hinfl. There was thus obtained an about 810 bp 

DNA fragment with the Hinfl site at one end and the PstI 

site at the other. 

The single-stranded cohesive DNA terminus at the 

Hinfl site of this DNA fragment was filled in with 

Escherichia coli DNA polymerase I large fragment (Bethesda 

Research Laboratories) so as to render the end blunt, and 

then the DNA fragment was joined with the same adapter as 

5 ■ 3 * 

used in Example 3-(i), i.e. GCATCGATGC , with the use 
of T4 DNA ligase. 

The joining product was cleaved with the restriction 
enzyme Clal and joined with the expression plasmid ptrp771 
cleaved in advance with the restriction enzymes Clal and 
PstI, with the use of T4 DNA ligase (Fig. 6). The above 
series of reactions resulted in construction of a human 
IgE H-chain polypeptide expression plasmid, pGETtrp410, 
containing the translation start codon and the codon CAT 
for His at a site downstream from the trp promoter, and coding 
for the human IgE H-chain polypeptide starting with the codon 
for the 331st amino, acid according to Dorrington without 
reading frame shift. Escherichia coli 294 was transformed 
with this plasmid according to the method of Cohen et al. 
to give a desired strain carrying the plasmid pGETtrp410« 

Example 4 

The IgE H-chain expression plasmid-carrying strains 
as obtained in Examples 2 and 3 were cultivated in 20 ml 
of M9 medium containing 1% glucose and 0.4% Casamino 
acids at 37**C for 4 hours. Then, indolyl acrylic acid was 
added to a concentration of 30 yg/ml, and the cultivation 
was continued at 37*'C for 3 hours. Cells were harvested, 
washed with saline, and lysed by suspending in 0.5 ml 
lysing solution (10 mM Tris*HCl, pH 8.0, 10 mM EDTA, 



0.2 M NaCl, 1 rtiM phenylmethylsulf onyl fluoride, 0,02% 
Triton XlOO/ 0.1 mg/ml lysozyme) and allowing the sus- 
pension to stand at 0**C for 45 minutes and then at 37*0 
for 2 minutes. The lysate was further subjected to slight 
(30-second) untrasonic treatment for breaking celluler 
DNAs which were dissolved. The lysate was then centrifuged 
at 4°C at 15,000 rpm (Sorvall SS34 rotor) for 30 minutes. 
The thus-obtained supernatant was assayed for IgE activity 
by the RIST method (vide supra) using an IgE assay kit 
(IgE Test-Shionogi; Shionogi) . 

The results are shown in Table 2 . The strain carry- 
ing pGETtrp302 produced the human IgE H-chain polypeptide 
at the highest rate (480 ng/ml extract) . 

Table 2 



. „ jr ^ IgE H-chain production 

Transformant ^^^^^^ extract) 

X- coli 294 (ptrp771) 0 

_E_. coli 294 (pGETtrpl04) 84 

coli 294 (pGETtrp302) 480 

E. coli 294 (pGETtrp410) 48 



Example 5 

Anti-human IgE monoclonal antibody was bound to a water- 
insoluble carrier Affigel 10 (Bio-Rad) by the method described 
in Reference Example 2 of Japanese Patent Application 
No. 19,324/1981. 

5 ml of the extract from pGETtrp302-carrying cells 
as obtained in Example 4 was treated on a 1-ml column of 
the anti-human IgE monoclonal antibody-Af f igel 10. 
The column was washed with 50 ml 

of PBS (20 mM phosphate buffer, pH 6.8, 0.15 M NaCl) 
containing 20% dextrose, and the human IgE H-chain ad- 
sorbed on the column was eluted from the column with 5 ml 
of 0.2 M acetic acid-0.15 M NaCl solution. The eluate 
'was immediately neutralized, and dialyzed against 1 liter 
of PBS at 5**C for 24 hours. This procedure gave the human 
IgE H-chain polypeptide in a purity of not lower than 80% 
at a recovery rate of about 50%. 
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4. Brief Description of the Drawings 

Fig. 1 illustrates the nucleotide sequence coding for 
the human IgE H-chain polypeptide. Fig. 2 illustrates the 
amino acid sequence corresponding to the nucleotide sequence 
shown in Fig. 1, Fig. 3 shows the restriction enzyme map for 
the cDNA in pGET2 as obtained in Example 1, and Fig. 4 
illustrates the primary structure (nucleotide sequence) of 
said cDNA. Fig. 5 shows the construction scheme in Example 
2, and Fig. 6 shows the construction scheme in Example 3. 
The portion indicated by ' n i i u represents the human IgE 
H chain-encoding fragment. 
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Figure 1 



10 20 30 40 50 



» » » » . * 

AGATTTCAGCCCAGCGTCACCATGACCAGACACGCGTCCTTCAGTACACC 
TCTAAAGTCCCGTCCCAGTGGTACTGGTCTCTGCGCAGGAAGTCATGTCG 



» * * * * 

CTACATGGACCTGAGAAGTCTGAGATCTGACGACTCGGCCGTGTTTTACT 
GATGTACCTGGACTCTTCAGACTCTAGACTGCTGAGCCGGCACAAAATGA 



Jt » » « * 

GTCCGAAAAGTGACCCTTTTTGGAGTGATTATTATAACTTTGACTACTCG 
CACGCTTTTCACTGGGAAAAACCTCACTAATAATATTGAAACTGATGAGC 



* . * » * • * 

TACACTTTGGACGTCTCGGGCCAAGGGACCACGGTCACCGTCTCCTCAGC 
ATGTGAAACCTGCAGACCCCGGTTCCCTGGTGCCAGTGGCAGAGGAGTCG 



* * » * * 

CTCCACACAGAGCCCATCCGTCTTCCCCTTGACCCGCTGCTGCAAAAACA 
GAGGTGTGTCTCGGGTAGGCAGAAGGGGAACTGGGCGACGACGTTTTTGT 



TTCCCTCCAATGCCACCTCCGTGACTCTGGGCTGCCtGGCCACGGGCTAC 
AAGGGAGGTTACGGTGGAGGCACTGAGACCCGACGGACCGGTGCCCGATG 



***** 
TTCCCGGAGCCGGTGATGGTGACCTGGGACACAGGCTCCCTCAACGGGAC 
AAGGGCCTCGGCCACTACCACTGGACCCTGTGTCCGAGGGAGTTGCCCTG 



» * » • * - » 

AACTATGACCTTACCAGCCACCACCCTCACGCTCTCTGGTCACTATGCCA 
TTGATACTCGAATGGTCGGTGGTGGGAGTGCGAGAGACCAGTGATACGGT 



* * » * * 

CCATCAGCTTGCTGACCGTCTCGGGTGCGTGGGCCAAGCAGATGTTCACC 
GGTAGTCGAACGACTGGCAGAGCCCACGCACCCGGTTCGTCTACAACTGG 



» . * » * * 

TGCCGTGTGGCACACACTCCATCGTCCACAGACTGGGTCGACAACAAAAC 
ACGGCACACCGTGTGTCAGGTAGCAGGTGTCTGACCCAGCTGTTGTTTTG 
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* * ^ * 

CTTCAGCGTCTGCTCCAGGGACTTCACCCCGCCCACCGTGAAGATCTTAC 
GAAGTCGCAGACGAGGTCCCTGAAGTGGGGCGGGTGGCACTTCTAGAATG 



* * * ^ if 

AGTCCTCCTGCGACGGCGGCGGGCACTTCCCCCCGACCA7CCAGCTCCTG 
TCAGCAGGACGCTGCCGCCGCCCGTGAAGGGGGGCTGGTAGGTCGAGGAC 



» * 9t * if 

TGCCTCGTCTCTGGGTACACCCCAGGGACTATCAACATCACCTGGCTGGA 
ACGGAGCAGAGACCCATGTGGGGTCCCTGATAGTTr.TAGTGGACCGACCT 



^f * if ^ if 

GGACGGGCAGGTCATGGACGTGGACTTGTCCACCGCCTCTACCACGCAGG 
CCTGCCCGTCCAGTACCTGCACCTGAACAGGTGGCGGAGATGGTGCGTCC 



^f * * if * 

AGGGTGAGCTGGCCTCCACACAAAGCGAGCTCACCCTCAGCCAGAAGCAC 
TCCCACTCGACCGGAGGTGTGTTTCGCTCGAGTGGGAGTCGGTCTTCGTG 



# * if if » 

TGGCTGTCAGACCGCACCTACACCTGCCAGGTCACCTATCAAGGTCACAC 
ACCGACAGTCTGGCGTGGATGTGGACGGTCCAGTGGATAGTTCCAGTGTG 



if # if if * 

CTTTGAGGACAGCACCAAGAAGTGTGCAGATTCCAACCCGAGAGGGGTGA 
GAAACTCCTGTCGTGGTTCTTCACACGTCTAAGGTTGGGCTCTCCCCACT 



if if * if if 

GCGCCTACCTAAGCGGGCCCAGCCCGTTCGACCTGTTCATCCGCAAGTCG 
CGCGGATGGATTCGGCCGGGTCGGGCAAGCTGGACAAGTAGGCGTTCAGC 



if * if if * 

CCCACGATCACCTGTCTGGTGGTGGACCTGGCACCCAGCAAGGGGACCGT 
GGGTGCTAGTGGACAGACCACCACCTGGACCGTGGGTCGTTCCCCTGGCA 



if if if if 

GAACCTGACCTGGTCCCGGGCCAGTGGGAAGCCTGTGAACCACTCCACCA 
CTTGGACTGGACCAGGGCCCGGTCACCCTTCGGACACTTGGTGAGGTGGT 



coninued 
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Figure 1 
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GAAAGGAGGACAAGCAGCGCAATGGCACGTTAACCGTCACGTCCACCCTG 1050 
CTTTCCTCCTCTTCGTCGCGTTACCGTGCAATTGGCAGTGCAGGTGGGAC 



if ?f * * ii* 

CCGGTGGGCACCCGAGACTGGATCGAGGGGGAG ACCTACCAGTGCAGGGT 1 1 00 

GGCCACCCGTGGGCTCTGACCTAGCTCCCCCTCTGGATGGTCACGTCCCA 



* ^ ^ » * »^ 

GACCCACCCCCACCTGCCCAGGGCCCTCATGCGGTCCACGACCAAGACCA 1 1 50 

CTGGGTGGGGGTGGACGGGTCCCGGGAGTACGCCAGGTGCTGGTTCTGGT 



***** 
GCGGCCCGCGTGCTGCCCCGGAAGTCTATGCGTTTGCGACGCCGGAGTGG 1 200 

CGCCGGGCGCACGACGGGGCCTTCAGATACGCAAACGCTGCGGCCTCACC 



* * * if * 

CCGGGGAGCCGGGACAAGCGCACCCTCGCCTGCCTGATCCAGAACTTCAT 1250 
GGCCCCTCGGCCCTGTTCGCGTGGGAGCGGACGGACTAGGTCTTGAAGTA 



* * * * * 

GCCTGAGGACATCTCGGTGCAGTGGCTGCACAACGAGGTGCAGCTCCCGG 1300 
CGGACTCCTGTAGAGCCACGTCACCGACGTGTTGCTCCACGTCGAGGGCC 



* * * * * 

ACGCCCGGCACAGCACGACGCAGCCCCGCAAGACCAAGGGCTCCGGCTTC 1 350 

TGCGGGCCGTGTCGTGCTGCGTCGGGGCGTTCTGGTTCCCGAGGCCGAAG 



***** 
TTCGTCTTCAGCCGCCTGGAGGTGACCAGGGCCGAATGGGAGCAGAAAGA 1 400 

AAGCAGAAGTCGGCGGACCTCCACTGGTCCCGGCTTACCCTCGTCTTTCT 



***** 
TGAGTTCATCTGCCGTGCAGTCCATGAGGCAGCGAGCCCCTCACAGACCG 1450 
ACTCAAGTAGACGGCACGTCAGGTACTCCGTCGCTCGGGGAGTGTCTGGC 



* * * 

TCCAGCGAGCGGTGTCTGTAAATCCCGGTAAATGA 
AGGTCGCTCGCCACAGACAT7TAGGGCCATTTACT 
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Figure 2 

ARC PHE GLN GLY ARG VAL THR MET 
THR ALA TYR MET ASP LEU ARG SER 
VAL PHE TYR CYS ALA LYS SER ASP 
ASN PHE ASP TYR SER TYR THR LEU 
THR VAL THR VAL SER SER ALA SER 
PRO LEU THR ARG CYS CYS LYS ASN 
VAL THR LEU GLY CYS LEU ALA THR 
MET VAL THR TRP ASP THR GLY SER 
LEU PRO ALA THR THR LEU THR LEU 
SER LEU LEU THR VAL SER GLY ALA 
CYS ARG VAL ALA HIS THR PRO SER 
LYS THR PHE SER VAL CYS SER ARG 
LYS ILE LEU GLN SER SER CYS ASP 
THR ILE GLN LEU LEU CYS LEU VAL 
ILE ASN ILE THR TRP LEU GLU ASP 
LEU SER THR ALA SER THR THR GLN 
GLN SER GLU LEU THR LEU SER GLN 
THR TYR THR CYS GLN VAL THR TYR 
SER THR LYS LYS CYS ALA ASP SER 
TYR LEU SER ARG PRO SER PRO PHE 
PRO THR ILE THR CYS LEU VAL VAL 
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THR VAL ASM LEU THR TRP SER ARG 
HIS SER THR ARG LYS GLU GLU LYS 
VAL THR SER THR LEU PRO VAL GLY 
GLU THR TYR GLN CYS ARG VAL THR 
LEU MET ARG SER THR THR LYS THR 
GLU VAL TYR ALA PHE ALA THR PRO 
LYS ARG THR LEU ALA CYS LEU ILE 
ILE SER VAL GLN TRP LEU HIS ASN 
ARG HIS SER THR THR GLN PRO ARG 
PHE VAL PHE SER ARG LEU GLU VAL 
LYS ASP GLU PHE ILE CYS ARG ALA 
SER GLN THR VAL GLN ARG ALA VAL 
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Figure 3 
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Figure 4 
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» * * ^ 

GGGGGGGCGG&CGGGCGAGATTTCAGGGCAGGGTCACCATGACCAGAGAC 
CCCCCCCCCCCCCCCGCTCTAAAGTCCCGTCCCAGTGGTACTGGTCTCTG 



* * * 

GCGTCCTTCAGTACAGCCTACATGGACCTGAGAAGTCTGAGATCTGACGA 
CGCAGGAAGTCATGTCGGATGTACCTGGACTCTTCAGACTCTAGACTGCT 



* * ^ * 

CTCGGCCGTGTTTTACTGTGCGAAAA&TGACCCTTTTTGGAGTGATTATT 
GAGCCGGCACAAAATGACACGCTTTTCACTGGGAAAAACCTCACTAATAA 



* * * * * 

ATAACTTTGACTACTCGTACACTTTGGACGTCTGGGGCCAAGGGACCACG 
TATTGAAACTGATGAGCATGTGAAACCTGCAGACCCCGGTTCCCTGGTGC 



^ * * * 

GTCACCGTCTCCTCAGCCTCCACACAGAGCCCATCCGTCTTCCCCTTGAC 
CAGTGGCAGAGGAGTCGGAGGTGTGTCTCGGGTAGGCAGAAGGGGAACTG 



* ' * * * 

CCGCTGCTGCAAAAACATTCCCTCCAATGCCACCTCCGTGACTCTGGGCT 
GGCGACGACGTTTTTGTAAGGGAGGTTACGGTGGAGGCACTGAGACCCGA 



* * * * 

GCCTGGCCACGGGCTACTTCCCGGAGCCGGTGATGGTGACCTGGGACACA 
CGGACCGGTGCCCGATGAAGGGCCTCGGCCACTACCACTGGACCCTGTGT 



^ * # » 

GGCTCCCTCAACGGGACAACTATGACCTTACCAGCCACCACCCTCACGCT 
CCGAGGGAGTTGCCCTGTTGATACTGGAATGGTCGGTGGTGGGAGTGCGA 



* * ^ ^ if 

CTCTGGTCACTATGCCACCATCAGCTTGCTGACCGTCTCGGGTGCGTGGG 
GAGACCAGTGATACGGTGGTAGTCGAACGACTGGCAGAGCCCACGCACCC 



CCAAGCAGATGTTCACCTGCCGTGTGGCACACACTCCATCGTCCACAGAC 
GGTTCGTCTACAAGTGGACGGCACACCGTGTGTGAGGTAGCAGGTGTCTG 
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* 9t * ?f * 

TGGGTCGACAACAAAACCTTCAGCGTCTGCTC.CAGGGACTTCACCCCGCC 
ACCCAGCTGTTGTTTTGGAAGTCGCAGACGAGGTCCCTGAAGTGGGGCGG 



9f if ^ 

CACCGTGAAGATCTTACAGTCGTCCTGCGACGGCGGCGGGCACTTCCCCC 
GTGGCACTTCTAGAATGTCAGCAGGACGCTGCCGCCGCCCGTGAAGGGGG 



^ if * * . * 

CGACCATCCAGCTCCTGTGCCTCGTCTCTGGGTACACCCCAGGGACTATC 
GCTGGTAGGTCGAGGACACGGAGCAGAGACCCATGTGGGGTCCCTGATAG 



^ ^ ^ 

AACATCACCTGGCTGGAGGACGGGCAGGTCATGGACGTGGACTTGTCCAC 
TTGTAGTGGACCGACCTCCTGCCCGTCCAGTACCTGCACCTGAACAGGTG 



***** 
CGCCTCTACCACGCAGGAGGGTGAGCTGGCCTCCACACAAAGCGAGCTCA 
GCGGAGATGGTGCGTCCTCCCACTCGACCGGAGGTGTGTTTCGCTCGAGT 



* * * * * 

CCCTCAGCCAGAAGCACTGGCTGTCAGACCGCACCTACACCTGCCAGGTC 
GGGAGTCGGTCTTCGTGACCGACAGTCTGGCGTGGATGTGGACGGTCCAG 



***** 
ACCTATCAAGGTCACACCTTTGAGGACAGCACCAAGAAGTGTGCAGATTC 
TGGATAGTTCCAGTGTGGAAACTCCTGTCGTGGTTCTTCACACGTCTAAG 



* * * * * 

CAACCCGAGAGGGGTGAGCGCCTACCTAAGCCGGCCCAGCCCGTTCGACC 
GTTGGGCTCTCCCCACTCGCGGATGGATTCGGCCGGGTCGGGCAAGCTGG 



* * * * * 

TGTTCATCCGCAAGTCGCCCACGATCACCTGTCTGGTGGTGGACC7GGCA 
ACAAGTAGGCGTTCAGCGGGTGCTAGTGGACAGACCACCACCTGGACCGT 



* * if if * 

CCCAGCAAGGGGACCGTGAACCTGACCTGGTCCCCGGCCAGTGGGAAGCC 
GGG7CGTTCCCCTGGCACTTGGACTGGACCAGGGCCCGGTCACCCTTCGG 



Figure 4 



10 20 30 40 50 



* * * 

TGTGAACCACTCCACCAGAAAGGAGGAGAAGCAGCGCAATGGCACfxTTAA 
ACACTTGCTGAGGTGGTCTTTCCTCCTCTTCGTCGCGTTACCGTGChATT 



* * * ^* * 

CCGTCACGTCCACCCTGCCGGTGGGCACCCGAGACTGGATCGAGGGGGAC 
GGCAGTGCAGGTGGGACGGCCACCCGTGGGCTCTGACCTAGCTCCCCCTC 



* * * 

ACCTACCAGTGCAGGGTGACCCACCCCCACCTGCCCAGGGCCCTCATGCG 
TGGATGGTCACGTCCCACTGGGTGGGGGTGGACGGGTCCCGGGAGTACGC 



* * * * * 

GTCCACGACCAAGACCAGCGGCCCGCGTGCTGCCCCGGAAGTCTATGCGT 
CAGGTGCTGGTTCTGGTCGCCGGGCGCACGACGGGGCCTTCAGATACGCA 



* * * ¥ * 

TTGCGACGCCGGAGTGGCCGGGGAGCCGGGACAAGCGCACCCTCGCCTGC 
AACGCTGCGGCCTCACCGGCCCCTCGGCCCTGTTCGCGTGGGAGCGGACG 



* * * * 

CTGATCCAGAACTTCATGCCTGAGGACATCTCGGTGCAGTGGCTGCACAA 
GACTAGGTCTTGAAGTACGGACTCCTGTAGAGCCACGTCACCGACGTGTT 



. * * * » 

CGAGGTGCAGCTCCCGGACGCCCGGCACAGCACGACGCAGCCCCGCAAGA 
GCTCCACGTCGAGGGCCTGCGGGCCGTGTCGTGCTGCGTCGGGGCGTTCT 



* * * * 9^ 

CCAAGGGCTCCGGCTTCTTCGTCTTCAGCCGCCTGGAGGTGACCAGGGCC 
GGTTCCCGAGGCGGAAGAAGCAGAAGTCGGCGGACCTCCACTGGTCCCGC 



* ^ * if ♦ 

GAATGGGAGCAGAAAGATGAGTTCATCTGCCGTGCAGTCCATGAGGCAGC 
CTTACCCTCGTCTTTCTACTCAAGTAGACGGCACGTCAGGTACTCCGTCG 



* ^ ?t if 

GAGCCCCTCACAGACCGTCCAGCGAGCGGTGTCTGTAAATCCCGGTAAAT 
CTCGGGGAGTGTCTGGCAGGTCGCTCGCCACAGACATTTAGGGCCATTTA 



.continued 
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Figure 4 

10 20 30 40 50 

* * ^ » » 

GACCTACTCCTGCCTCCCTCCCTCCCAGGGCTCCATCCAGCTGTGCAGTG 1550 
CTGCATGAGGACGGAGGGAGGGAGGGTCCCGAGGTAGGTCGACACGTCAC 

'* ^ ^ ^ 

GGGAGGACTGGCCAGACCTTCTGTCCACTGTTGCAATGACCCCAGGAAGC 1600 
CCCTCCTGACCGGTCTGGAAGACAGGTGACAACGTTACTGGGGTCCTTCG 



* * * *f * 

TACCCCCAATAAACTGTGCCTGCTCAGAAAAAAAAAAAAAAAACCCCCCC 1 650 

ATGGGGGTTATTTGACACGGACGAGTCTTTTTTTTTTTTTTTTGGGGGGG 



ccccccc 

GGGGGGG 



TOTAL NUMBER QF NUCLEOTIDE PAIR^ = 1657 
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1 IBM -j'CXDdATP. dCTP. dGTPit-JtO^dT 
TP, 8 mM MpClg.SOmM KCl , 1 0 m M £^ 
^ -X u ^ h - /I/ ^ 5 0 10 M Tr 1 s - [IC 1 . pH a 3 

) r 4 2 t . 1 (r;p!«|>< vit-^^- h L/cfl^R:, 

7 X / - /i^-Cfi^itJI^ a 0 . IN NaOH r 7 0 t: 
, 2 0 LT R N A ^9tmm^. L7^o 

(fl) ^ii<f\ D N A O-J^^fiJ^; 

^1 ^l-C-^iilc^ :/L7t/ilLi^lOt{|Mt) N A^5 0/*^ 

(iill a C 7^ ^ /»^c?:){^;/il 

•b' S 1 ( B'^thesda Research Laboratorlei? M;) 
rS: 5 0 M 5 Ojsc|i>ff^( ( 0 . 1 Mft'hft'?:^ h y ^> A . 
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^^itr. 1^ hKs i;i!^*i!M^fVr:.Vef|--K-! 2 6 0 no 
Ol^il^7)t < ;?> ^ r y A fr U-T:;1:V>.jr» CO 

UNA ^r/lfei^fy!?. L7rrt. i o "i m Trio-nci(rH 
7. fi ) . 1 m M lij 1) T A » 0 . 3 ^'•i s D 
^* rj" i; T = J^\^ ^: tr R a -rr ^ a /^n jfi/Ji 
L ( 1 rrf./fV;)- ) Q I>. 2 G 0 nm 0''.|MIV.r R N A 

"rjf^jlK'^ L7^.o R M A :9'R«^:^f< -20 tiT^^i^ 

(4 ) m m /rr n'. i'H 'i> ire x t » pi 

nil «fl fin T V\ fc H-r 'J r - ;^rr> U R n a 

2 f^Jr ^ 0 . 0 5 M NaCl , 0 . 0 1 M K I) T A . 
0 . 0 1 M Trip • HCl ( pH 7. «i ) » 0 - 2 S D 

s r< y^i I'Oi K ifr fi'? L i 0 — 3 o y ^ m m <r 
mum±KT^xr^^iL. r> w 2 7 mror rrft'/n 2 
4,0 0 0 liiifiii^r 2 2 fiVflui 2 0 t: tk: 'iio L/cn c: 
ot*^. r^^*^i-i|^?i 4 0 ;t^frC'5>N 0 n.?. fi o nm 
O 0;*^ IIX "k mj^^L fc Ift 1 H R ft c ^: < (1 S IM'I cl 

R N A ^mitc 

pH4. J5 , 0. 25MNaCL. |. i3 m ?.nr,U4 ) iji 

xmil^d 0 ^ l^y l!J ^ y J - /i • -c t:t: 1:1 L . 

:n y - /w--c'l) N A t\:U\^''>.'^. ^K'fr, \-^-, . C i'-H: 3 0 
^ r:. 7 h i> ) ^ — =; h V :^ 7 j- ^7 — *i 

(Betbosrla Rnr-earch Laboratories ?(;)fr 5 0 (' P- 
<0)fL\<khi Co. 1 4 M 7J n i;- Mi'-:iy U v a , o. 3 
W Tr i s ( ^i; ) , p H 7 . (i , 2 n M 'J t .+ u 
-< h - , I m H CoClp^ » 0 . I fv m U d T P ) 

^h T 3 i^>i('i] 3 7 0 r rrllh:T-^.i— n ti a o liiij 

^ivh<l:>-'?'^<0}xU\Xl^^} :^ o o u a cor^^ -x —ys^ 
-y- v^ii^i ?> i -> ft- '^.^i^, D K A in/?:„ 

— Jj ^ 1 0 <Oi^\n\y'\ 7' .-^ ^ K p M R 3 2 2 
DHA(C2 0^-'7»- <Dfi;iJf>ji(;^':i!: P t I^; 5 O/'J^ 
fOKj^Uil C 5 0 mM Had , 6 m M Tr i a • IIC 1 ( pH 
7. 4 ) . 0 DiM Mf?Cl2 , 6 mM 2 - > y* h j: ^ 

y - , I I) ^ if 9/pf. r f^y ^ v D fji -c 

3t^^r«i 3 7 tl -Cft?/U^ -H T p JiR 3 2 2 D N A 
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b ^ y 7. 7 X ^ - -L^ fc 5 .0 /' £ c?:> ^ jo;f(v C 0 . M 

M ^'J :3 M\''l:*3 >J is . 0 . 3 M Trifl( ) , 
p H 7. r> , 2 m M :^ 1/ -< h - A' > 1 m W 

CoClp,. 0 . 1 5 o)M dGTPD ' h T 3 5> 1/11 3 7 
-CfW j(i ^ r 7 ^ K PBR 3 2 ?. n tl A 

(V) cDHA<':;»cli=Uflr'^ :^ 5 K <f: Of^^ <^ ^ (C 

fa? t.tK^\y"> ?^ ^ K pBR3 22 0 . 5 M <' ^ 
0. I M MaCl » 5 0 mM Trln-fKU, plf7. C> . 
1 m M V; D T AX D >6 ?!? 4» T G 5 t; 2 . 4 

5 1: 2 ififfivj mm L-t'om'^^Tii L-t^^<?i"S ^ 

t>0^r>^ C J. Wol- l^lol- iLG , 4 9 5 ( 1 9 7 5 ) 3 K 
-C^mm X 17 76 ^ll^KU^'Hi^ -K-fc. 

(vi) A^^^r^ ^ ^ y<D^m 

A ^ Birnbolm-Doly O:^^ C Blrnboim H. C. & 
Doly, J. Nucleic Acid Ren, 7_, 1513(1979) 

ti/r>"^^^> 't><^( pGBT2 DNA ) ^>Lf>A/7^^ 

tor ^ ^ i Kf^'(t^f^A^nfccDN AoitiimJriir 
^i- vmv'\ ) ^ ^ ^ ^ v^r^M^^ 

ih?A- t Maxam-G ilbert X r>X'tk'pf. L 

8 - 1 5 0 2 <!: X^Xm-^nhy^' U V tim i 

c<r>% ^ \/ ii- ^- VWM^ x■:)-c^-K"$i^*r 
5 -^rf?r^ilJijH:. /^^^ *?<t^-^^^-^*tiKX 
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and Hopneee, D. S. Proo. NntJ.. Acad. Set. USA 
72.3961 (1975)J 

( ftilW ) ^:liiV^-t 3 2P ?-^/'n./t. 

D N A 0 . 2 /it' ^ 2 5 /' i? <7Jj.V.IiVvlt*: i 5 0 m 
M Trir? -HCl » p H 7. 5 , f) in H HnCI?^ , 1 m M 
/J - > A' * 7' h X ^' / - /^^ , 1 () /f C 1 « - 3 2 P 
V - d ATP 0 . 4 np: 5/ DNano T ( Wor- 
thing ton ) 3 2 ^> nn v;i -c jy: ^ -tt- /c o k 
2 5 ^ ^ h <D;^H'UVvi D N A H: t; > ^ - -t^ I ( 

Bocshrinper Mfl.nnholm \\\ ) ^^111.1-?: 3 0 9tH \ 
^X^XKW.^^tfrA^.. 7 -;i'-j!!im , x^ / - 

U /utfe/'^;^X i) DNA ^^itlin ^'J-t^: ^ P 
/^•^itft DNA tcfo-7t„ 

t © 3 2 F - D II A T?: 7" CI - 7- T-awn 'TJ) 

;[J?5^ C Nucleic Acldrt Hon, , 9 . I 0 3 ( ) 9 8 I ) 
:}i/C'^'z>X±m<0=^ b ^-U A-rr- 7 ^ ^ - .h 

2f> frCtr^?(?L7tD N hK^^'^M:. p\- - V ^' 

j) ^ Oorrlngton h^^^^y^^ C IimnuMolo/^ical Rev. 
41 , 3 ( 1 9 78 ) 3 U-C I n " ^ ''I- 'J 

F o T i y p;^ J'li tt mi -fk -|- >6 t <l /j^ > p g 

ET 2 A ^ ^ N Afr.t I R H'- " ^^t'iO 'I'' !J 

n r> M A norrinnton r7^)PA ?r ( I'lil O I g R 

H iis^i) V iii^Mo fi 3 iiv R or ^ / ri;? ^ 3 - k-^^-) 

-I K >^ X .!) /'f^ - X :r,- i) . c {.ft Hf:i: -t; 3 - 1 ' U 
cl t 5i*"b> ^ - K^'1^cUr<^^3t: . -nllNAcO 3':?{? 

GUI o t •t-< X cm Lxv^h t 

i^^h t<!:KX!?thifrK <D-1)i;lHj::fe XV^ 



fi^ K6 0 fi KU\M ( 2 0 m MTrls • HCl , pH 
a. 0 , 0. 6 M NaCl . I 2 -nil CaCl?. , 1 2 mU 
MffClg . 1 ni M E D T A ) "C 2 ""It 9 ^ 

r--tfBal 3 1 C New Kn^land Blolabeft 
Gray Nnclolc Acid Rosearch » 2 , 1 4 5 9 
( 1 975 )D ^ 3 0 t 1 ^I/nf1^;il^ •K'TU N A tyr>i-(7J 

\mA <t i» rfK ivj K if'i ft: u » 

-t h 1) N A ^I'ipl) L/C or,, .>?fiflSI|!f1ii^» :> K t.- Jt 

C A T C <1 A T G *^ ^: T 4 U - -tf ( N<^V7 lilna- 
land JU olabB ^1 ) ^ /II -Cl^i't ^ -ttfc n 

n t — ^ — »i,'^.5> C -7-a--E — - . — ^ 

f^tj' 2 7 (i bp (7:) D N A >i- ^ Bennett » G. N , t> , 
J. Mol. BloL , 1^ , I 13( 1 978 ) D ^^^tx 7'^ 
^ ^ K p t r p 7 7 1 C ^ ^ - iot p B R 3 2 2 ) ^: 
liri^n 5 1 ^'^^mm^lS 57-85280 mV?i.1i 

eiO^d^'^.r'? ^ ^ Kptrp 77 1 ^fiH)|t!vlgHt^ 
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c 1 a I -r m itjr u . c r^ii (■ •! i; < c i- ^-^ i 'c t'-u 

ji^r L /c Ji .^[1 p G E T 2 Hi A i> M A - T r f.^ - ^=V^i- 
T TT;?^* - ^ JljU^ -r lifi A L. ;c o ( • ii s li^l 

^- illl/^ t: ^ CI - ^ A / T -7 -< C U A. Kf>iop 
(I: A. R Cowman, Proc. Natl. Acad. T^cl , U 3 A TJ . 
4 2 5 0 ) D tT(/^ . t H I K 11 fi"^ 0) Ht ij 

7"^- K ^Pf?^- Lt :3 o =1 - -fr Lfr.-^ -j-fi 
t:, ^ - h a -ii /V n - ;^ 7 ^ yi- ^ .L i/C 'I' L/c 
n - ^ , 0 . 1 M N.^.IICO:^ . 0 . 1 b 'J h 

X 1 0 0 . 2 0 0 /( vytrs y y - rirri£±r 

p jjit ( Whatman -tt , 5 4 0) ± K L . 
2i raM Trls - HCl . p (I fi. 0 . 0. 5 M HaCl . 0 . I « 



h y h >- X 1 0 0 . 1 ;*^^-ffaii'l r /v^r 5 >- ) r Trl- 

f^^L> I , ^1,^^-7- a 7- A ( 

R C C Ameraham ffl: ) ^ [zfi>;-^f -»J^/:-.o /Xfc;?^^ 
m X < ^: -3 <7J -t, , ^ - h ? ^ 7 ^ - 

<: r/j) r -fe rifi t h i g e txf>K tift ^ < 

L/r.^ ^ - -(C-f^-^ 7'7 ;^ S pGET 

Mrnboim-Uoly f/J:^F^i5 ( Tlrim ) tr\W\/sXm\\ U 
CKO pGKT trp 1 0 4 VCi^>ir^>6 t h IgE H 
?K'! ^ n - i- 7j? ij js? u -f- K <D p t r p 7 71 

'^oiitiAf^P.^o:?! ^ u;!*- -r- rf^ j^J^c x ^ ^ s^js? 
i^^- K^n^m^-f jh?^^ ( rifim ) (€ .t D ^lA^t L/c 

t t -5 . i^i^UWDll/^/) :3 K :^ A T G Kr^l/^-C , Dorrlnf?-- 
ton (Om^T^D 9 2 Ttt or S 7 f?? ^ n - K-f ^ n 
K :x .t i?R:^^^lrf^ fjfT'^JX'-^fiC Ut . b I ft E fi 
CD >J r K ^ =« - K -f ^ 'J J?: ^ u ^ K 
itlfc'i . 3'>f; J^ilBI K . m n N A|'/^ CD $S3 



p fl t I ri;'; L7> . o d k a n'r 
aa 1 I , {M^^i>- Pn t iMlWVr. % ^l') i \ 5 

0 bp K A K/fM'^f^l^A-.n too H Afi!fM-0 

Sal I fe1^f<;r.o — 7^frV^^?t;''f 0 N A ?f?v-:^rc All'JiiVf D 

N A ;K y > - I ^ - 7 ^' ^ ^ h 'C 0 «'/>/c 
^=?*;. K Jta^flilimr./::^ Cla I <;Oni^ 

i--''^?^Bf\/- fC'^ti'T /5^r ^ - C ATCG A TG C '^^ 

T 4^:'/--^' ( Hev7 En/^claTid lUolahg M; ) ^ ff] 
"C ^ -ti" yt n t <D -ft- 1^^ ^; {!3|rJi nv- il? c i a I 

-c^;yirru. i , pnti r iw ufc 

7* ^ ;^ 5 K p t r p 7 7 I t . T 4 D N A y 

coK^Kt!^s frp 7'p --e - ^ -coTf^K:f;iia'^ 

\mh =» K V ^> I r>*rr ;t K ft-: /'V: >T ten tr n - K 
X. t h I E H fiO'Jf y 7^f- K;!>i. Dorrinrrton 



n K ^4: i?(f^r;t t h IgE H O M r ^ 
r ?e OA 7-'?;^ ^ KpOETtrp3 0 2 ^ ?tli L tr.^ 
t.Qjr-^T^^ KtJrjV^t. Cohen 0:6^ fj^ttt't o 

-T::^i|'it:H 2 9 4 ■kW?i,mh'^-^.h^ i K X . 

?6>?>r7 7i ^ K PO KT t.rp 30 2 f?^ ^ 1" 

^: fli')t?f-Arr,^ p n 1 1 -r (.-n .t) /i^ L, . C o n li A r«f It ^ 
I m<i . ii'^ 1' « 1 ^"^1^ f'^- ^ ^'^'J 8 1 0 )> P o 

£1 (7;) D N A Pjf ^^- (7) in n f I o— j^t= n 
N A >^c^>:M^:;^li^tV4 D N A Tj- U > 9 - -t' I ^ - 7 
^ :^ b ( Bethosda Rogea.rch Lo.borAtoi lf^rH 

/CT y 7'^ - C A T CG ATG C ^: T 4 U - 

-fe' ^ ;H ^ "t iKV-f^-^ ^ 

t O ^.^ -i^t^o k fiiil I^J^ t':r ^-^ c i a I -T L . fli'l l^f^ ili^- 

77 1 <!: tTT;?;---!! -^nii^-C^^-^^J/t ( BG 
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K > C A T ^^i .vi: *) i^A--'!:^ L-t.' . 
t h I g E H 0 n-r g 7* ^- K . Oor r I ni? ton 
(.0 frC X 3 3 1 I'i^ N T i y tVv ^: n - K -j ' ^ 
:i K >- X i?(!;:Tt .5) h I R B " ifl'?)^!-- ^ 7-^- K 
f)rU')l7''5' ;^ 5 K pOET nrp 4 I 0 i:''f -iM^/c. t. 

7* i K ^ /t! X Coimp f , o'.) .'J K Vi r^X-k 

7*9 >^ ^ K pGETtrp 4 1 0 ^.-frtr (Vf <vk ^: til /c . 

5 2 0 ff/ 1 f:4 /V :7 - , 

Lfci^, . ^ ^ K- A^T ^ 'J />^lV^^; 3 0 fi 9 /rf. K 

^t:-n^;!KTi5l;-5 TtO 0. 5 '<)j>? iVutf: ( i Om 

M Tris • nci . pH8. 0 . I 0 m H f: OT A 0. 2 M 
HaCl , I mU 7 :^=^ J^;^ ^- /^'i-^ - 

-< K , 0 . 0 2 55« h y b X ) 0 0 . 0 . 1 



/r:t y y ^- - A ) n: rhi L . o 0 k'C -r 4 5 » . 3 

% < ( 3 0 f3> ) fiiit:'fMMP.i*ff o -c . ftvm LfcfV^' 

UNA ^fcfjfi^r L^^,. 4 t; T 1 5 O 0 0 r p 
„ ( ^-_/</ix 55334^'-:^"-). 30 9^U\\<0]fl 

'i> » (i'F. 1:;^! fl^ k: X o -t . I: iVf. -V ^^'^fcn C: O ± fif. ^ 

?r^CDIgE rr^'t^-l'IgE i:^irr{-^^y h ( Ij??E 7^ >^ 

h. s/^- / ^ . Ji^!IT^i^liill?iyJll ) ^JH^/^?t n I s T 
M . ? <i r> ( 1 9 r> 8 ) D(T. X L;to 

7"^- KOM^./'UX P 0 E T trp 3 0 2 ^: f> f'^l f^^ 
/yWi> 4^ ,e> < 4 8 0 ^/ ffil jiiitlW?5:-r ;5 fc, 
2 

M jf^i A nmm/^.'^\.(rys/f^nmm) 

:^ll!-iiW 294(ptrp77l ) 0 
>^ll'^f 2*} 4 ( PO ET t r p H) 4 ) 8 4 

:k¥)m 2iU ( pn ET 1. r p3 0 2 ) 4 8 (» 

MW\ 29 4 ( pG KT t r p4 1 0 ) 4 8 
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>^ o - i- /^^m¥1c 7KT-rtW-\\yi\'r y 4 ^ 0 ( 

Bi o-Rart ^^j: ) Kmi^ ^' tV/V . r/l. »^ 1- X E t / 
^ p - /l^tfl.i't^ ^ y y 4 ff* IV \ {) ^ \ rtf. ICSfl 
iftC'll « h p G E T t r p 3 0 2 ^: H^ts-f^i^ ^I'l 

5 ^ ;6-frj . 2 Q ^<T''^' y^ y ^ - y^ fvtr p 

n S ( 2 0 mM '.I ^ri'^.r.Mv/ir* » P"0. J< , 0. 1 5 
M HaCl ) 5 0 ff^rcJll^-t^^ ^ ^^^^ l.trJ^h-^ 
0 . 2 MTiMl*? . 0 . J 5 M liaCl />{ r«r^/'rJV^ 
-C, ^ AVCn«i;^ U/ct^ V XrtK II >^ >^ ^ A 

s 1 & u-c 5 t r 2 4 h'mmI f f L ofv^ 

fpK X !) H/^ 8 0 ^ ^- b K fl 'j'iO 'J 

r K 5 0 O I'll II?. r I A. 

il'jr 1 l?l^X t h I R H iiiV/,)?)^^ 'J r^- V 'k^ - 
r-^-^ ^ ^ u f- vmnir , 2 NtrUt: 1 l-^l K-7n 



(y^^ ) Icff'^in ,m 5 l;^Uiy!;;J^(^-2 

=1 - K-f ^RfJi^^^:r„ 
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^r*3iR± 5^ (?T 



i vn 



10 . r^O 30 AO 50 



ACATTTCrtdGCCAnCGTCACCATGACCACAGACCCK rCCTTCAGTACAGC 
TCTrtHACTL'CCClCCCAGTGGTACTUGTCTCTGCGCfiGGAAGTCATGTCC 



CTACATCfJACCTCACAAGTCTGAGrtTCTGACGACTCCGCCGTCTTTTACr 
CATCTACCTCGACTCTrCAGACTCTAGACTGCTCAGCCGGCACAAAATGA. 



GTGCGAAAAtTGACCCTTTTr&CAGTGATTATTATAACTTTGACTACTCG 
CACGCTTTTCACTCCGAAAAACCTCAtrTAATAATATTCAAACTGATGAGC 



TACACTTTGGACGTCTGGCGCCAAGGCACCACGGTCACCCTCTCCTCAGC 
ArGTCAAACCTGCAGACCCCCCTTCCCTGGTGCCAGTGCCACAGCACTCG 



CTCCACACAGAGCCCATCnCTCTTCCCCTrCACCCGCTGCTGCAAAAACA 
GAGCTGTGrCTCGGCTAGGCAGAAGGGGAACrGGGCCACCACGTTTTTGT 



TTCCCTCCAATGCCACCTCCGTGACTCTCCGCTGCCTGGCCACCGCCTAC 
AAGGGAGGTTACGGTGCACGCACTGAGACCCGACGGACCGGTGCCCGArC 



TTCCCGGA&CCGGTGATGGTGACCTGGCACACACGCTCCCTCAACCGCAC 
AAGGCCCTCCGCCACTACCACTGGACCCTGTGTCGGACGCAGTTGCCCTC 



AACTATCACCTTACCAGCCAGCACCCTCACGCTCTCTGCTCACTATUCCA 
TTGATACTCCAATCGTCCGTGCTGGGACTGCCAGAGACCACTGATACCGT 



CCATCAGCTTCCTGACCCTCTCGGCTGCCTCGCCCAACCAGATGTTCACC 
GGTACTCGAACGACTGCCAGAGCCCACCCACCCGCTTCGTCTACAACrCC 



TCCCCTGTGGCACACACTCCATCGTCCACACACTCCGTCCACAACAAAAC 500 
ACGGCACACCCTGTCrCACCTAGCACGTCTCTGACCCACCTCTTGTTTTC 
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% 1 ia-(2) 



CriCACCfircrCCTCCACiCCACM iCACCCCCCCCf'iCCGTGArtC A J CTTAC 

Gf,/",r,rccr:AGrtcCAGGTCccT(iAAGTGCi;rxcGGr(;f;rAf;TrcrACArt7c 



AtViCClCCrCCGACGGCGCCCCCCACTTCCCClXCACCATnCACL'TCCIG 

r c A Ac; G AC G n tg c cg c; c g i:cc:g r g a agg g gi; g c r g(; r ag g i c g ag g ac 



T'^CCTtX rCTC rCGGTACACCCCACGGArTATCA^^CATCACCTGGCTCGA 
ACCCAGCAGACACCCArGTGGGGTCrCTGArrtGTirTAGTGCACCCACCT 



GGACt;GG(:A{;Grf:ArGCACGTGGACTrGTCCACCGCCTCTACCACGCAGG 
CC: rCCCCGrCCAGTArcrCCAtXTGAACAGGTGGCCGACATCCTGCCTCC: 



Ar;Gf:TCAGf; rGGf:rTCCACACAAAG(:.CAG(: ICACCC rCAGCCAGAAGC;A(: 
TCrXAL'TC&ACCGGAGGTGTGT TTCGCTCGAGTGCGAGTCGGTCTTCGTC 



TGGCTGTCACACCGCACCTACACCTCCCACGTCAGCTA rCAAGC TCACAC 
ACtXACAGTCrCGCGrGGfiTG rGCACGCTCCACTCCArACTTCCACTGTG 



CTTTCAGGAr'AGCACCAAGAAGTGTCCAGATTCCAACCCGACAGGCCrGA 
r. AAACTCCTGrrGTGG nC TTCACACGTCTAACGTTGGGCTCTCCCCACT 



GnGnCTArCTAAGCCGGCCCAGCCCGTTCGACCTGTTCArCCGCrtAGTCG 
(:f,;Ct;GATr,c;ArTCGGCCGCGTCGCGt:AAGC:TGCACAAGTAGGCGlTCAGC 



CCCACGAfCACCrGTCTGGTCGTGGACCTGCCACCCAG-CAAGCGGACCCT 
GGCTGnTAGTGGACAGACCACCAGCrCGACCCTGGGTCGTTCCrCTGGCA 



GAACCTGACCTGGrCCCGGGCCAGTGGGAAGCCrcrGAACCACTCCACCA 
C ( rGCACTGGr,CCAr,(;(;rcCGG TGACCCIT CGGACAC TTGG r G AGCTCGT 



^ 1 0-(3) 



GAAAGCACCAGAAGCAGCGCAArGGCACrrTTAACCGTCArGTCCACCCTC 
CTTTCCTCCTCTTrGTCGCGTTACCGTGGAATTGGCAGTGCAGCTGGGAC 



CCCGTGCGCACCCCACACTGGArCGACGGGCAGACCrACCAGTGCACCGT 
CGCCACCCGTCGCCTCTGACCTACCTCCCCCrCTGGATGGTCACCTCCCA 



GACCCACCCCCfiCCTGCCCAGCGCCCTCATCCGGTCCACGACCAACACCA 
CTGGGTGGCCCTGGACCCCTCCCGCGACTACGCCACGTGCTCGTTCTCGT 



CCCGCCCCCGTGCTGCCCCCCAACTCTATCCCTTTGCGACGCCCGACTGC 
CCCCGCGCCGACGACGGGGCCTTCAGATACGCAAACGCTGCGGCCTCACC 



CCGCGGAGCCGGGACAAGCGCACCCTCGCCTGCCTGATCCACAACTTCAT 
CGCCCCTCGGCCCTGTTCGCGTCGGAGCCCACGGACTAGGTCTTGAACTA 



CCCrCACCACATCTCGGTCCACrCGCTCCACAACGACCTCCACCTCCCCC 
CGGACTCCTGTAGAGCCACGTCACCGACCTGTTGCTCCACCTCCAGGGCC 



ACGCCCGGCACACCACGACGCAGCCCCCCAACACCAAGGGCTCCGGCTTC 
TGCCGGCCCTCrCGTCCrCCGTCCCGGCGTTCTCGTrCCCGAGGCCCAAC 



TTCCTCTTCAGCCCrXTGGACCTCACCACCGCCGAATGCCAGCACAAACA 
AAGCACAACTCCGCGCACCTCCACTGCTCCCGCCTTACCCTCCTCTTTCr 



TGACTTCATCTGCCCTCCACTCCATGACCCACCCACCCCCTCACAGACCC 
ACTCAACTACACCCCACGTCACGTACTCCCTCGCrCCCCCACTGTCTCCC 



# M M 

TCCAGCGACCCCTCTCTGTAAATCCCCCTAAATGA 
ACCTCCCTCCCCACAGACATTTACCCCCATTTACT 



m2m-{\) 



arc; pmb cam gly arc val thiv het 

THP ALA lYR tMlT i>SP I..E1J ARC SF.R 

VAI. PHF TYR CYS ALA LYS" i'ER ASP 

A.VN PHC A.VP TYR 5:ER TYR THR LEU 

IMP VAL THR VAL SfiK A'ER ALA SBR 

PRO LI^U THR Apr; CY.V CYS LY.V A.VN 

VAL THR LEU HLY CYS LEU ALA THR 

ME;T VAL THR TRP A.VP THR GLY SEf: 

lEU PRO ALA THR THR LE-:U THR LEU 

SER \..E[3 LEU THR VAL SER GLY ALA 

CVS ARC VAL ALA HIS THR PRO SER 

LYS THR PHC SEfi VAL CYS" SEfi ARG 

LY.? ILE LEU GLN SER SER CY.? A5P 

THR ILF: GLN leu leu CYS leu VAL 

ILE A^N IL.t: THR TRP LEU GLU A.iTP 

LEU ;^-eR THR ALA i^ER THR THR CLN 

GLN .VER GLU LEU THR LEU SER CAM 

THR TYR THR CYS GLN VAL THR TYR 

i'ER THR LYS LY^ CYS ALA A^P S-ER 

TYR LEU ^ER ARG PRO SER PRO PHE 

PRO THR ILE THR CYS" LEU VAL VAL 



THR ARG ASP ALA ."S-ER PHE SER 
LEU ARG SER AiT' A .VP .VER ALA 
PRO PHE TRP i'ER ASP TYR TYR 
Ayp VAL TRP GLV CLM GLY THR 
THR GLN SER PRO SER VAL PHE 
ILE PRO .VER A.VN ALA THR .VER 
GLY TYR PHE PRO GUJ PRO VAL 
LEU A.VN GLY THR THR MET THR 
SER CLY \-iiS TYR ALA THR ILE 
TRP ALA LYi' GLN MET PHE THR 
.^ER THR A.7P TRP VAL AJTP A.TN 
ASP PHE THR PRO PRO THR VAL 
GLY CLY GLY HIS PHE PRO PRO 
SER GLY TYR THR PRO GLY THR 
GLY GLN VAL MET ASP VAL ASP 
GLU GLY GLU LEU ALA SER THR 
LYS HXS TRP LEU SER ASP ARG 
CLN CLY HIS THR PHE GLU ASP 
ASN PRO ARG GLY VAL SER ALA 
ASP LEU PHE ILE ARG LYS SER 
ASP LEU f*.LA PRO SER LYS CLY 



THR VAL ASN LEU THR 
HIS SER THR ARG LYS 
VAL THR SER THR LEU 
GLU THR TYR CLN CYS 
LEU MET ARG SER THR 
GLU VAL TYR ALA PHE 
LYS ARC THR LEU ALA 
ILE SER VAL GLN TRP 
ARG HIS SER THR THR 
PHE VAL PHE SER ARG 
LYS ASP GLU PHE ILE 
SER GLN THR VAL GLN 



TRP SER ARG ALA SER 
GLU GLU LYS GLN ARG 
PRO VAL GLY THR ARG 
ARC VAL THR HIS PRO 
THR LYS THR SER GLY 
ALA THR PRO GLU TRP 
CYS LEU ILE GLN ASN 
LEU HIS ASN GLU VAL 
GLN PRO ARG LYS THR 
LEU CLU VAL THR ARC 
CYS ARG ALA VAL HIS 
ARG ALA VAL SER VAL 



GLY LYS PRO VAL ASN 
ASN GLY THR LEU THR 
ASP TRP ILE GLU GLY 
HIS LEU PRO ARG ALA 
PRO ARG ALA ALA PRO 
PRO CLY SER ARC A.VP 
PHE MET PRO CLU ASP 
CLN LEU PRO ASP ALA 
LYS GLY. SER GLY PHE 
ALA CLU TRP GLU GLN 
CLU ALA ALA SER PRO 
ASN PRO CLY LYS - 



!iliaH3 59- 43399 (13) 



# 3 H 



Al T AI A1 Hi T S T 



Al Al 



I I 1 1 Ml 11 1 1 I a 



nrr 

Av B Av 

Ac : Acc I 
Al : Alu I 
Av : Avo II 



Ac 8 

B : Bgl 11 

Hh ! Hha I 

Hi : Hlnf I 



rrTTT 

Hh Av Hh Av Hh 



1657 



S : Sma t 
T : Toql 



lOObp 



m40-(1) 



t;r.GC(It,<.0(IG(lGr,C;GCGAGATTrCACGCCrtGGGTCACCATCACCACACAO 
CCCCCCCCCCCCCCCGCTCTAAAGTCCCGTCCCAGTGCTACTGCTCTCTC 



GXf.rCCnCAGTACA&CCTACATGGACCTGACAACTCTCAGATCTCACCA 
CGCAGGAA(;TCATGTCCt,ATGTACCTGGACTCTT(:ACACTCTAGACTCC7 



CTCCCCCG rGrTTTACTGTGCCAAAACTGfiCCCTTTTTGGAGTCA^TATr 
CAGf;^.GGCACAAAATGACACGCTTTTCACTCGCAAAAACCTCACTAATAA 



ATAAC I TTCAC rACTCCTACACTlTGGACCTCTGGOGCCAACCGACCACC 
TATTGAAACTGATGAGCATGTGAAACCTGCAGACCCCCGTTCCCTGCTCC 



GTCACCGTCTCCTCACCCTCCACACAGAGCCCATCCCTCTTCCCCTTGAC 
CAGTGGCAGAnCAGTCGGAGCTGTCTCTCGGGTAGCCAGAACCGGAACTC 



CCGCTGCTGCAAAAACATTCCCTCCAATCCCACCTCCGTGACTCTGCCCT 
GCCCACGACGTTTTTGTAAGCCAGCl TACGGTGCAGGCACTCACACCCCA 



GCCTGGCCACGCGCTACTTCCCGGAGIXGCTCATGCTGACCTGGGACACA 
CCGACC:CGTGCCCGATGAAGGCCCTCGCCCACTACCACTGGACnCrCTGT 



CGCTCCCTCAACCGGACAACTATGACCTTACCAGCCACCArcCTCACCCr 
CCCACCCAGTTGCCCTCTTCATACTGGAATGCTCGCTGCTGCGACTCCCA 



CTCTCGTCArTATGCCACCATCAGCTTCCTCACCCTCTCGCCTCCCTCGC 
GAGACCAGrGATACCCTCGTAGTCCAACCACTGCCACAGCCCACGCACCC 



CCAACCAGAT&TTCACCTCCCCTGTGGCACACACTCCArCCTCCACACAC 
CGTTCGTCTACAACTCGACrrCCACACCCTCTCTGACCTAGCAGCTr.TnTr- 



QA Q 



m^id- 44399 (14) 



•n;Gr,Tccrit:AnC6r.ftA(:(.:Trcr,(;r&Tc vncTCCACQc.ACT rcrtccccGCC 
A(.:(:c/'*nr:rGTTGrTrTnr.rtrt&TcccA(/ACGA(;cTC':c7c.nrtr,i(;cr,ccc(; 



crtcc(;TCrtrt(;rtTCTiAf:At;T(:cTCCT(iCf.rtf:G(;cGc:ccGr,r.Aci rccccc 
r.rr;Gcw;rrcTA(;Artr(;ir:At;crtGGACGcrr,cccncr,ccc(;TGAACGi;Gr. 



f:rrtC(:AT(;CAi;C I CCTGrCt:C:TCC ^CTCrCGGrrtCACCCr;AGCtACTfti^: 
G(: f GGTAGG rCGAGGACACGGftCCrtGACACCCATGTGGGGTrCCTGATAG 



AACATCACCTf;CC*rCGAGCAC;CGCCAGGTCATGGACCTCGACTTGTCCAC 

rTG7Ac;n;f.AcrGAc;cr(:cTGCc;cGrc;cAGTACxrGCACCTGAACAc;GrG 



CGCClClACCACGCAGGAGGGIGAGCrGGCCrCCACACAAAGCGAGfnCA 
GCGOAGATGGTGCGTIX rCCCACTCGACCCGAGGTCTGTTTCGLTCGAG r 



CCCTCAGCCAGAAGrAr.TGr.CTGTnAGACnGCACCTACACCTGCCAGCrC 
GGGAG rCGGCCrTCGTGACCGACAGTCTCGCGTGGATGTGGACGGTCCAG 



Am A rCAAGGrCrt(.;ACCrnGAGGAnAGCACCAAGAAG TG ( GCACATTC 
TGGATAr.T rCCAGTr f GGAAACTCCTGTCCTGGTTCTTCACACCTCTAAC 



CAACnCCAGAGGGGTGAGrGCCTACCTAAGCCGGCCCAGCCCGTTCGACC 
G rTGGGCTXTnnCCACTCGnGGATGGATTCGGCCGGGTCGGGCAAGC TGG 



TGTTCAtCCGCAAGTCCCCrACGATCACCTGTCTGGTGGTGGACCTGGCA 
ACAAGTAGGCGTTrACCGGGTGCTACTGGACAGACCACCAC;C:rGGACCf.T 



fJCCAGCAAGCGGACCGrGAACCTGACCTCGTCCCGGGCCAGTGGGAACCC 
GGGtC'-nTCCCCTGGrACrTGGArTGGACCAGGGCCCGGTCACCrTTCGG 



§^4 ^-(3) 



TGT&AACCACTCCACGAGAAAGCAGCACAAGCAGCGCAATGCCACGTTAA 
ACACTTCGTGAGGTCGTCTTTCCTCCTCTTCGTCGCGTTACCGTGCAATT 



CCGTCACGTCCACCCTCCCGGTGG&CACCCCACACTCGATCGACGGGGAG 
GGCAGTGCAGCTGGCACGGCCACCCCTGGGCTCTGACCTACCTCCCCCTC 



ACCTAtXAGTGCAGCGTGACCCACCCCCAnrTGCCCAGGCCCCTCATGCG 
TGCATCGTCACGTCC;CACTGGGTCGGCGTGCACGG&TCCC;CGGAGTACGC 



GTCCACGACCAACACCACCCGCCCGCGTGCTCCCCCCGAAGTCTATCCGT 
CAGGTGCTGGTTCTGGTCGCCGCGCGCACGACGGGGCCTTCAGATACGCA 



TTGCGACGCCGGAGTGGCCGCGGAGCCCGGACAACCGCACCCTCGCCTGt: 
AACCf;TGCGGCCTCACCGGCCCi;rCGCCCCtGTTCGCGTCGGAGCGCACC 



CrCATCCAGAACTTCATGCCTCAGGACATCTCCGTGCAGTCGCTGCACAA 
GAnTAGGTCTTCAAGTACGGACTCCTGTAGACCCAGCTCACCGACGTGTT 



CGAGGTCCACCTCCCGGACCCCCCGCACACCACGACCCAGCCCCGCAAGA 
CCTCCACCTCCACGGCCTGCGCGCCGTGTCGTGCTGCGTCGGCGCGTrCT 



CCAAGGCC TCCGGHTTCT TCGTCTTCACCCGCCTGCAGGTGACCAGGCCC 
CCTTCCXGAGGCCCAACAAGCACAAGTCGCCG&ACCTCCACTGGTCCCCG 



GAATGGGACCAGAAA&ArGAGTTCATCTGCCCTCCAGTCCATCACGCACC 
CTTACCCTCCTCTTTCTACTCAAGTAGACCGCACCTCACGTACrCCCTCG 



CAGCCCCTCACAGACCGTCCACCCACCCCTCTCTCTAAATCCCCCTAAAT 
CTCCGGGAGTGTCTGGCAGCTCCCTCCCCACACACATTTAGGGCCATTTA 



m4lll-(4) 



1*faH359- 44399 



30 



40 



GACGTACrcCTGCCTrXCTCCCTCCCAGGGCTCCATCCAGCTGiGCAGTG 
C T (; C A T G A (; i; A C G G A G G G A G ("/ (> AG G G T C; C C G A G G T A G G T C G A C A C G I C A C 



GGGAGGACTGGCCAGACCTTCTGTCCACTGTTGCAArGACCCCAGGAAGC 
CCCTCCTGACCGGTCTGGAAGAGAGGTGACAACGTTACTGGGGTCCTIGG 



1600 



TACCCGCAATAAACTGTGCCTGCTCAGAAAAAAAAAAAAAAAACCCCCCC 
ATGGGGGTTATTTGACACCGACGACTCTTTTTTTTTTTTTTTTGGGGGGG 



1650 



CCCCCCC 
GGGGGGG 



TOTAL NUHBtER OF NUCLt:GT I DEI fPilRS ^= 



1 657 



{mx ^ 



(Pviif/Avol) 



^ 5 m 




Ala vot 



CIO I 
1200 bp 
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^ 6 



m^s^^H' am (16) 



Clol 



Psti 



Cla I . PsI I 




Soi I i^Wr 



184 
A»p 

TCGAC 
G 



TCGAC 
ACCTG 



CGATGCTCGAC 
TACGAGCTG 




pGET2 PsI I 



Hrnf I J^wy^* 

8to bp yyj rt- 



CCCTGCA 
CGG 



ON A 7)rv/^-i^''A/''^i- 



79^y'jf- IGCATCGATGCl 
Cla I i-^;^ 



CGATGCATTCC 
TACGTAAGG 




m 1 .M®M^ 

il|arl7^Bal^^)m'21||iti2cO 6 
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